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SCHOOL  OF  ENGINEERING  GRADUATE  PROGRAMS 

CALENDAR  1977-78* 


Fall  Quarter 


September  1 5 

Thursday . 

. Registration. 

September  22 

Thursday . 

. Instruction  begins. 

October  7 

Friday . 

. Last  day  for  late  registration  and 

adding  of  courses. 

November  21 

Monday . 

. Last  day  for  withdrawing  from  courses. 

November  24-25 

Thursday-Friday . 

. Thanksgiving  recess,  academic  and 

administrative  holidays. 

December  5-9 

Monday-Friday . 

. Fall  Quarter  examinations. 

December  7 
December  1 2- 

Tuesday . 

. Fall  Quarter  grades  due. 

January  2 

Monday-Monday . 

. Christmas  recess. 

Winter  Quarter 

December  27 

T  uesday . 

. Registration. 

January  3 

T  uesday . 

. Instruction  begins. 

January  1 5 

Sunday  . 

. Commemoration  of  Martin  Luther  King 

birthday. 

January  1 0 

Tuesday . 

. Last  day  for  late  registration  and 

adding  classes. 

February  20 

Monday . 

. Washington’s  birthday,  academic  and 

administrative  holiday. 

March  6 

Monday . 

. Last  day  to  withdraw  from  courses. 

March  14-20 

Tuesday-Monday . 

. Winter  Quarter  examinations. 

March  21 -25 

Tuesday-Friday . 

. Spring  recess. 

March  21 

T  uesday . 

. Winter  quarter  grades  due. 

Spring  Quarter 

March  22 

Wednesday . 

. Registration. 

March  27 

Monday . 

. Instruction  begins. 

April  6 

Thursday . 

. Last  day  for  late  registration  and 

adding  of  courses. 

April  7 

Friday . 

. Good  Friday,  academic  and 

administrative  holiday. 

May  29 

Monday . 

. Last  day  to  withdraw  from  courses. 

June  5-9 

Monday-Friday . 

. Spring  Quarter  examinations. 

June  10 

Saturday . 

. 127th  Commencement. 

June  16 

Friday . 

. Spring  quarter  grades  due  for 

degree  candidates  and  other 
Engineering  students. 

Summer  Session 

June  16  Friday . Registration. 

June  19  Monday . Instruction  begins. 


June  16  Friday . Registration. 

June  19  Monday . Instruction  begins. 


*AII  dates  are  inclusive  dates. 
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HISTORICAL  PERSPECTIVE 


On  January  12,  1777,  six  months  after  the  signing  of  the  Declaration  of  Independ¬ 
ence,  a  cross  was  planted  at  a  site  in  the  present  city  of  Santa  Clara  by  a  Franciscan 
Padre,  Tomas  de  la  Pena,  to  mark  the  founding  of  the  eighth  of  California’s  original 
twenty-one  missions,  Santa  Clara  de  Assis. 

Three  quarters  of  a  century  elapsed  before  the  University  of  Santa  Clara  or  Santa 
Clara  College  as  it  was  first  known,  opened  its  doors  as  an  institution  of  higher  learn¬ 
ing.  In  the  intervening  years,  however,  the  Mission  served  as  a  spiritual  center  and 
school  for  the  Indians. 

In  1851,  the  new  Dominican  bishop  of  San  Francisco,  Joseph  Sadoc  Alemany, 
asked  the  Jesuit  Father  John  Nobili,  formerly  of  the  Oregon  Missions,  to  begin  a  col¬ 
lege  at  the  Mission  of  Santa  Clara.  With  the  bishop’s  words  of  encouragement  and  his 
personal  gift  of  $50,  Father  Nobili  opened  the  classroom  doors  in  May.  During  his  first 
academic  year,  1851-52,  Father  Nobili  and  a  faculty  of  three  other  Jesuit  priests  and 
four  lay  professors  gave  instructions  to  twenty-six  students  in  arts,  sciences,  music 
and  drama. 

April  28,  1855,  Santa  Clara  College  received  its  charter  from  the  State  of  Califor¬ 
nia.  *  Slow  but  steady  growth  followed  and  distinguished  graduates  became  promi¬ 
nent  members  of  California  life.  However,  it  was  not  until  the  Schools  of  Law  and  En¬ 
gineering  were  founded  in  1912  and  the  courses  in  the  Humanities  and  the  Sciences 
were  expanded  that  the  College  became  the  University  of  Santa  Clara. 

Meeting  the  demands  of  urban  growth  in  the  Santa  Clara  Valley,  the  courses  in 
commerce  and  finance  were  likewise  amplified  in  1926  and  the  University’s  School  of 
Business  Administration  began. 

From  the  1930’s  through  World  War  II,  the  University’s  enrollment  was  relatively 
stable.  With  the  return  of  many  war  veterans  came  an  enlarged  student  body,  new  re¬ 
sources  and  an  expanded  curricula  that  led  Santa  Clara  into  a  new  era  of  rapid 
growth  and  development. 

From  the  post-war  period  to  the  present,  the  face  of  the  campus  has  been  chang¬ 
ing  and  expanding.  Thanks  to  the  generous  support  of  many  friends,  twenty  buildings 
have  been  added  and,  today,  three  new  facilities — the  Louis  B.  Mayer  Theatre,  Stu¬ 
dent  Activities  Center  and  Cowell  Student  Health  Center — are  in  use. 

In  1961  the  University  announced  a  major  change  in  policy  and  accepted  women 
students  for  the  first  time  in  its  110  year  history  and  quickly  became  fully  coeduca¬ 
tional. 
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Although  the  student  body  has  grown  rapidly  in  the  past  decade,  it  has  been  held  at 
a  relatively  small  size — 3500  undergraduates  and  3500  graduate  and  law  students — 
so  that  there  is  a  strong  sense  of  community  and  easy  access  to  the  faculty. 

In  the  same  decade  the  number  of  courses  taught  has  more  than  doubled  and 
there  has  been  a  proliferation  of  opportunities  for  individual  study  and  research,  in¬ 
cluding  off-campus  work/study  programs. 

As  an  independent,  tuition  and  gift-supported  university,  Santa  Clara  has  been  able 
to  accomplish  growth  and  change  in  ways  that  reflect  its  traditional  concern  for  the  in¬ 
dividual  student  and  for  values  in  education. 

LOCATION 

The  University  of  Santa  Clara  is  46  miles  from  San  Francisco  near  the  southern  tip 
of  the  Bay  in  an  area  that  is  rich  in  opportunities  for  learning.  The  campus  is  situated 
in  the  midst  of  one  of  the  nation’s  great  concentrations  of  high-technology  industry 
and  of  professional  and  scientific  activity.  Many  nearby  firms  and  social  agencies  are 
world  leaders  in  the  search  for  solutions  to  man’s  most  critical  problems.  The  cultural 
and  entertainment  centers  of  San  Francisco,  Berkeley,  Oakland  and  Marin  County  are 
within  one  hour’s  travel  by  bus,  train  or  car.  In  the  opposite  direction,  about  thirty  min¬ 
utes  away,  are  the  beaches  of  Santa  Cruz  on  the  Pacific  Ocean,  and  less  than  two- 
hours  drive  from  the  campus  is  world-famous  Monterey  Peninsula  and  Carmel. 

The  University  is  accessible  by  major  airlines  via  San  Jose  Municipal  Airport  just 
three  miles  away  and  via  San  Francisco  and  Oakland  International  Airports. 

Climate 

Santa  Clara  has  a  moderate  Mediterranean  climate.  Over  a  period  of  67  years  the 
average  maximum  temperature  was  71 .4°  and  the  average  minimum  41 .6°.  The  sun 
shines  an  average  of  293  days  a  year  and  the  average  annual  rainfall  is  about  15 
inches. 
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UNIVERSITY  OF 
SANTA  CLARA  CAMPUS 


©Sanfilippo  Residence  Hall 
©Campisi  Residence  Hall 
Q  Graham  Residence  Center 
©  Strub  Hall  @  Hancock  Hall 
0  Swig  Hall  ®  O'Neill  Hall 

©Campus  Tennis  Courts 
©  Michel  Orradre  Library 
©Sullivan  Engineering  Center 
©Bannan  Classroom  Building 
©  Field  House 
©  Buck  Shaw  Stadium 


©  Benson  Memorial  Center 
o  Benjamin  Swig  Residence  Hall 
©  Dunne  Residence  Hall 
©John  Kennedy  Mall 
©  McLaughlin  Residence  Hall 
©  Walsh  Residence  Hall 
©  Ricard  Memorial  Observatory 
©  Donohoe  Alumni  House 

©  Kenna  Hall  -  School  of  Busine* 
©  Bergin  Hall  -  School  of  Law 
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(  AMPBKI.l.  AVK 


i©  Heafey  Law  Library 
©  Admissions  Center 
©  St.  Joseph's  Hall 
©  Varsi  Hall 
©  Restrooms 

©Adobe  Lodge  -  Faculty  Club 
©  Univ.  Day  Care  Center 
©  Nobili  Hall  —  Jesuit  Residence 
©  Mission  Santa  Clara 
©  Walsh  Administration  Building 
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©  De  Saisset  Art  Gallery  &  Museum 
©  O'Connor  Hall 
©  Daly  Science  Center 
©  Alumni  Science  Hall 
©  Mayer  Theatre 
©  Cowell  Student  Health  Center 
©  Leavey  Activities  Center 
©  Fine  Arts  Building 
©  Ballet  Building 
©  Music  Building 


A  STATEMENT  OF  PURPOSE 


Inspired  by  the  love  of  God  through  human  service  and  the  desire  to  serve  through 
education,  began  by  the  Franciscans  who  founded  Mission  Santa  Clara  in  1777  and 
continued  by  the  Jesuits  who  opened  the  College  in  1851,  the  University  of  Santa 
Clara  declares  its  purpose  to  be  the  education  of  the  human  person  in  the  context  of 
its  Catholic  and  Jesuit  tradition. 

The  University  is  thus  dedicated  to: 

the  continuing  development  of  a  community  of  highly  qualified  scholars,  teachers, 
students  and  administrators  committed  to  an  uncompromising  standard  of  academic 
excellence; 

providing  an  education  that,  in  its  emphasis  on  undergraduate  education  and  in  its 
pursuit  of  selected  high  quality  graduate  and  professional  programs  consonant  with 
such  an  education,  stresses  the  development  of  moral  as  well  as  intellectual  values, 
an  education  of  the  whole  person,  an  education  constantly  seeking  to  answer  not 
only  “what  is’’  but  “what  should  be”; 

the  continuing  development  of  an  academic  community  informed  by  Catholic  princi¬ 
ples,  a  community  offering  its  members  the  opportunity  for  worship  and  for  deepening 
their  religious  commitment,  yet  a  community  that  is  enriched  by  men  and  women  of 
diverse  religious  and  philosophical,  as  well  as  social  and  racial  backgrounds,  a  com¬ 
munity  opposed  to  narrow  indoctrination  or  proselytizing  of  any  kind,  a  community 
wherein  freedom  of  inquiry  and  freedom  of  expression  enjoy  the  highest  priority; 

offering  an  integrated  curriculum  designed  not  only  to  provide  the  scientific  and  hu¬ 
manistic  knowledge  necessary  to  enable  students  to  develop  fully  as  persons,  but 
also  to  demonstrate  the  unity  of  all  forms  of  knowledge  and  to  enable  students  to  as¬ 
sume  roles  of  leadership  in  the  modern  world; 

encouragement  of  teaching  excellence  and  of  the  scholarly  research  that  promotes 
such  excellence,  of  close  student-teacher  relationships,  of  experimental  and  innova¬ 
tive  courses  and  teaching  methods — courses  and  methods  that  not  only  stimulate  the 
acquisition  of  knowledge,  but  the  creative  use  of  knowledge; 

the  continuing  development  of  an  academic  community  in  which  students,  teachers 
and  administrators  dedicated  to  academic  freedom  and  united  in  the  search  for  truth, 
are  actively  involved  in  formulating  and  implementing  the  University’s  policies. 


Board  of  Trustees 
University  of  Santa  Clara 
January  22, 1975 
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THE  SCHOOL  OF  ENGINEERING 

Robert  J.  Parden,  Ph.D.,  Dean 


To  the  goals  of  fundamental  knowledge — an  inquiring  mind,  good  habits  of  self- 
discipline,  the  professional  school  adds  the  requirement  of  preparation  to  make  a  spe¬ 
cific  social  contribution.  Engineering  knowledge  was  once  passed  from  generation  to 
generation  in  the  familiar  pattern  of  the  apprenticeship.  With  the  increasingly  complex 
applications  of  science  which  provided  the  groundwork  for  the  Industrial  Revolution, 
those  who  were  charged  with  applying  science  to  the  needs  of  the  society  in  which 
they  lived — engineers — turned  to  the  universities  for  increased  formal  preparation  in 
science  and  mathematics.  To  accelerate  the  rate  at  which  knowledge  of  contempo¬ 
rary  engineering  applications  could  be  learned  above  that  of  the  apprenticeship, 
schools  of  engineering  developed — extending  the  curriculum  beyond  science  and 
mathematics  to  include  the  methodology  of  engineering  applications.  Not  only  were 
the  traditional  goals  of  the  University  embraced,  but  to  them  were  added  specific  pro¬ 
fessional  needs — needs  not  only  of  the  individual,  but  of  the  profession  he  repre¬ 
sents. 

The  function  of  engineering  is  to  bridge  science  and  society;  to  modify  nature  to 
meet  the  needs  of  society  within  the  restrictions  dictated  by  social,  political  and  eco¬ 
nomic  considerations. 

In  order  to  act  as  the  bridge  between  science  and  society,  the  engineer  must  be 
both  knowledgeable  in  science  and  sensitive  to  the  means  which  can  be  used  to  sat¬ 
isfy  social  needs. 

The  rapid  expansion  of  knowledge  and  complexity  in  all  areas  of  science  and  engi¬ 
neering  suggests  the  need  to  both  broaden  the  educational  program  and  to  increase 
specialization.  Both  goals  cannot  be  accomplished  in  four  years  of  undergraduate 
study;  hence,  the  development  of  the  graduate  program. 

The  engineering  activity  requires  all  types  of  people  with  different  interests,  prepa¬ 
rations,  and  abilities.  Regardless  of  the  field  of  engineering,  there  is  a  pattern  of  as¬ 
signments  describing  the  kinds  of  jobs  in  which  engineers  engage.  These  include: 

Technical  Management  in  which  the  engineer  directs  a  team  of  engineers — 
technicians,  mechanics,  and  other  skilled  artisans. 

Consulting  in  which  the  engineer  alone,  or  as  part  of  a  firm,  offers  his  services  to  a 
client  needing  professional  counsel. 

Design  in  which  the  engineer  plans  structures  or  systems,  using  his  knowledge  of 
scientific  principles  and  the  properties  of  materials. 

Research  and  Development  in  which  the  engineer  seeks  additional  knowledge 
about  basic,  physical  phenomena  and  develops  this  knowledge  into  a  product  or 
service.  In  this  assignment  the  engineer  works  closely  with  the  scientist,  and  often 
their  division  of  labor  is  difficult  to  identify. 

Construction  and  Production  in  which  the  engineer  translates  the  design  engineer’s 
drawings  and  specifications  into  structures,  machines,  or  systems. 

Teaching  in  engineering  schools  and  colleges. 

These  are  general  assignments.  Engineers  also  undertake  assignments  which  re¬ 
quire  background  and  experience,  such  as  administration,  management,  and  sales. 
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ENGINEERING  AT  SANTA  CLARA 


The  undergraduate  programs  leading  to  the  Bachelor  of  Science  in  Engineering 
and  in  Civil,  Electrical,  and  Mechanical  Engineering  were  first  offered  at  the  University 
of  Santa  Clara  in  1 91 2.  They  were  accredited  by  The  Engineers  Council  for  Profes¬ 
sional  Development  in  1937.  Since  that  time,  the  Master  of  Science  in  Electrical  and  in 
Mechanical  Engineering,  Computer  Science,  Engineering  Mechanics,  Applied  Mathe¬ 
matics,  Public  Works  Administration;  the  Master  of  Science  in  Engineering,  the  Engi¬ 
neer’s  degree  in  Electrical  and  Mechanical,  and  the  Doctor  of  Philosophy  in  Electrical 
Engineering  programs,  have  been  added. 
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FACILITIES  FOR  ENGINEERING 


The  School  of  Engineering’s  laboratories  are  contained  in  three  buildings  in  the  Sul¬ 
livan  Engineering  Center  built  in  1 960. 


Civil  Engineering  Laboratories 

The  Mechanics  of  Materials  Laboratory  contains  testing  machines  which  have  a 
maximum  capacity  of  200,000  pounds.  Hardness,  fatigue,  impact,  torsion  testing  and 
photoelastic  equipment  are  used  for  instruction  and  research.  A  wide  selection  of 
electric  strain-gaging  apparatus  is  available  for  static,  dynamic,  and  repeated  loads. 
These  include  regular  and  recording  oscilloscopes,  low-frequency  strain  recorders, 
and  static  strain  indicators. 

The  Soil  Mechanics  Laboratory  is  equipped  with  a  variety  of  apparatus  for  the  phys¬ 
ical  testing  of  soils.  The  laboratory  contains  consolidation  devices  and  triaxial  com¬ 
pression  testing  units  equipped  for  controlled  stress,  controlled  strain,  or  cyclic  load¬ 
ing,  and  equipment  for  sampling  preparation,  permeability  tests,  laboratory 
compaction  of  soils,  and  determination  of  water  content,  specific  gravity,  and  consist¬ 
ency  limits. 
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Electrical  Engineering  Laboratories 

Laboratories  and  facilities  are  available  for  research  and  instruction  in  electrical  ma¬ 
chinery,  electric  controls  and  servomechanisms,  computing,  electrical  measure¬ 
ments,  electronics,  and  communications. 

The  Computing  Laboratory  includes  a  general  purpose  minicomputer,  several  mi¬ 
croprocessor  development  systems,  terminals,  and  recording  and  other  accessory 
equipment,  coupled  with  a  range  of  software  support  for  these  systems.  These  facili¬ 
ties  are  used  primarily  for  student  and  faculty  research,  including  development  of  new 
computing  devices  and  techniques. 

In  addition  to  this  computer  facility  within  the  Department,  two  of  the  University’s 
general  purpose  digital  computers  are  located  nearby.  Computing  time  is  available  for 
regularly  scheduled  instructional  classes  and  for  the  research  activities  of  graduate 
students  and  the  Engineering  faculty. 

The  Electronics  and  Communications  Laboratories  provide  modern  facilities  in 
electronics,  radio  communication,  and  microwaves.  These  laboratories  are  equipped 
with  signal  generators,  oscillators,  precision  bridges,  cathode-ray  oscilloscopes, 
spectrum  analyzers,  Q-meters,  wave  analyzers,  spectrum  analyzers  and  other  preci¬ 
sion  measuring  equipment. 

The  Control  Systems  Laboratory  is  well-equipped  with  modern  instruments  for  ex¬ 
perimental  studies  of  individual  control-system, components  and  of  complete  systems. 
In  addition  to  the  usual  electronic  test  equipment,  there  is  equipment  for  construction 
and  test  of  many  types  of  servos,  modern  oscillographic  recorders,  and  numerous 
analog  and  digital  components.  From  time  to  time  additional  special-purpose  test 
equipment  is  constructed  to  facilitate  studies  of  adaptive  control  systems,  digital  con¬ 
trol  systems,  and  carrier  control  systems,  among  others.  This  equipment  is  frequently 
supplemented  by  the  use  of  analog  and  digital  computers  located  in  adjacent  labora¬ 
tories. 

The  Electro-mechanical  Energy  Conversion  Laboratory  is  equipped  with  Westing- 
house  generalized  machines,  transformers,  and  associated  equipment. 


Computer  Science  and  Digital  Systems  Laboratories 

The  Computer  Science  and  Digital  Systems  program  is  supported  by  the  facilities  of 
the  University’s  Academic  Computing  Center  and  the  Digital  Systems  Laboratory. 

The  Academic  Computing  Center  employs  a  Hewlett-Packard  HP-2100  computer 
normally  run  in  batch  mode  under  HP’s  DOS-Ill  disk  operating  system.  Writable  con¬ 
trol  store  facilities  are  available  on  this  system  for  use  in  conjunction  with  micropro¬ 
gramming  projects.  In  addition,  the  facilities  of  an  HP-3000  in  the  University’s  Admin¬ 
istrative  Data  Processing  Center  are  available  for  academic  use  by  special 
arrangement. 

The  Digital  Systems  Laboratory  provides  complete  facilities  for  experiments  and 
projects  ranging  in  complexity  from  a  few  digital  integrated  circuits  and  other  elec¬ 
tronic  components  to  complete  computer  systems.  A  unique  feature  of  the  Laboratory 
is  the  availability  of  take-home  “breadboard”  units  which  permit  students  to  design, 
construct,  and  test  any  sort  of  digital  module  or  system,  using  the  most  modern  inte¬ 
grated  circuits  available,  at  home  or  elsewhere  off  campus.  This  provides  a  valuable 
convenience  for  the  working,  part-time  student. 
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The  EECS  department  operates  a  microprocessor  laboratory  including  a  variety  of 
microprocessors,  each  with  its  own  set  of  peripherals  and  memory.  Additionally,  the 
department  has  a  PDP-1 1  minicomputer  configured  with  28K  words  of  memory  and  a 
set  of  standard  peripherals.  This  system  currently  supports  courses  in  assembly- 
language  programming,  but  will  soon  be  extended  to  provide  an  alternate  high-level 
language  system. 


Mechanical  Engineering  Laboratories 

The  Mechanical  Engineering  Laboratories  include  bench  laboratories  and  a  high- 
bay  facility  for  experimentation  in  free-fall  systems,  fluid  mechanics,  thermodynamics, 
heat  and  mass  transfer,  propulsion,  combustion,  power  generation,  air  conditioning, 
and  exhaust  emissions. 

A  variety  of  internal  combustion  engines  installed  on  dynamometer  stands  can  be 
used  for  studies  in  diesel  and  spark-ignited  engine  performance.  An  axial-flow  fan 
with  adjustable  blades  attached  to  a  wind  tunnel  permits  a  variety  of  experiments  to 
be  performed  in  aerodynamics  and  turbomachinery. 

The  fluid  dynamics  area  contains  equipment  to  illustrate  the  principles  of  fluid  flow 
and  to  familiarize  the  student  with  basic  elements  of  hydraulic  machinery  and  their  as¬ 
sociated  instrumentation.  Each  device  may  be  supplied  directly  from  a  pump  or  from 
a  constant  level  standpipe  with  a  25-foot  head. 

Included  in  the  Mechanical  Engineering  Laboratories  is  the  equipment  associated 
with  electro-mechanical  energy  conversion.  A  variety  of  direct-  and  alternating- 
current  machines,  transformers,  and  associated  equipment  is  available. 

A  unique  approach  is  made  in  utilization  of  a  complete  metal  processing  facility. 
The  first  course  in  this  area  is  taught  by  an  engineer  in  order  that  the  students  be¬ 
come  familiar  with  machine-tool  processes  from  an  engineering  design  point  of  view. 
The  student  further  utilizes  the  shop  facility  during  his  thesis  activities.  The  facility  is 
also  utilized  for  construction  and  maintenance  of  experimental  apparatus. 

Recent  additions  to  the  laboratory  facilities  are  a  calorimeter  for  determining  human 
metabolic  behavior,  high  vacuum  fuel  ignition  apparatus,  and  electronic  instrumenta¬ 
tion  for  detailed  study  of  combustion  exhaust  pollutants. 


RIGHTS  RESERVED 

The  curriculum  and  regulations  affecting  students  may  be  revised  at  any  time  at  the 
discretion  of  the  University  administration. 

The  School  of  Engineering  offers  graduate  work  leading  to  the  Master  of  Science 
degree  in  Electrical  and  Mechanical  Engineering,  Engineering  Mechanics,  Public 
Works  Administration,  Applied  Mathematics  and  the  Master  of  Science  in  Engineer¬ 
ing.  The  Engineer’s  Degree  is  awarded  in  Electrical  and  Mechanical  Engineering  and 
in  Engineering  Mechanics.  The  Doctor  of  Philosophy  degree  may  be  earned  in  Electri¬ 
cal  Engineering. 

While  most  graduate  students  have  undergraduate  preparation  in  an  engineering 
curriculum,  it  is  feasible  to  enter  from  chemistry,  physics,  or  mathematics.  The 
amount  of  undergraduate  work  which  must  be  undertaken  before  the  degree  program 
is  dependent  upon  the  specific  preparation  and  the  degree  sought. 
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MASTER  OF  SCIENCE  PROGRAM 

Entrance  Requirements 

Application  for  admission  to  graduate  standing  should  be  made  to  the  Dean  of  the 
School  of  Engineering  on  the  form  available  from  that  office.  Official  transcript  of  re¬ 
cord  covering  all  college  and  university  work  completed  to  date,  together  with  official 
evidence  of  degrees  conferred,  must  be  received  prior  to  admission  as  a  graduate 
student.  Two  separate,  original  and  official  records  must  be  presented  from  each  in¬ 
stitution  previously  attended. 

Students  will  be  admitted  to  Degree  candidacy  at  initial  enrollment  at  Santa  Clara  if 
they: 

1 .  Received  a  Bachelor’s  degree  in  Engineering  from  an  ECPD  accredited  four- 
year  program  substantially  equivalent  to  that  of  Santa  Clara,  and  plan  to  un¬ 
dertake  a  graduate  program  in  the  same  field. 

or 

Received  a  Bachelor’s  degree  in  Computer  Science,  Engineering,  Mathe¬ 
matics,  or  one  of  the  Natural  Sciences  from  an  accredited  four-year  program 
substantially  equivalent  to  that  of  Santa  Clara  and  plan  to  undertake  a  Mas¬ 
ter  of  Science  program  in  Computer  Science. 

2.  Accomplished  a  scholastic  average  of  at  least  2.75  (based  on  a  4.0  maxi¬ 
mum)  in  the  technical  work  of  the  last  two  undergraduate  years. 

3.  Submit  their  application  and  supporting  credentials  at  least  six  weeks  before 
registration  for  the  quarter  of  initial  enrollment. 

4.  Develop  a  program  of  studies  with  their  assigned  advisor  before  registration 
and  file  it  with  the  Dean  of  the  School  of  Engineering.  A  letter  requesting  De¬ 
gree  candidacy  should  be  attached  to  the  program  of  studies. 

Students  who  have  earned  a  Bachelor’s  degree  in  a  four-year  engineering,  sci¬ 
ence,  or  mathematics  program  substantially  equivalent  to  that  of  Santa  Clara  but  who 
do  not  initially  meet  the  Degree  Candidate  requirements,  will  be  allowed  to  enroll  for 
graduate  work  at  the  discretion  of  the  Graduate  Admissions  Committee.  The  School 
reserves  the  right  to  deny  admission  if  the  previous  program  has  not  been  of  such 
character  as  to  furnish  an  adequate  foundation  for  advanced  academic  study.  In  or¬ 
der  to  ensure  processing  of  applications,  they  must  be  received,  together  with  tran¬ 
scripts  of  previous  work,  at  least  four  weeks  before  registration  for  the  initial  enroll¬ 
ment.  Material  received  later  may  prevent  or  delay  registration  and  subject  the  student 
to  the  late  registration  fee. 


Program  of  Studies 

The  student,  who  is  admitted  to  degree  candidacy  upon  entrance,  files  a  Program 
of  Studies  at  that  time.  All  other  students  must  file  a  Program  of  Studies  when  they 
have  accumulated  ten  quarter  units  of  work  at  Santa  Clara,  including  units  transferred 
from  other  institutions,  and  before  they  have  accumulated  twenty  quarter  units.  At 
least  twenty-five  quarter  units,  applicable  to  a  degree,  must  be  earned  after  the  Pro¬ 
gram  of  Studies  is  filed.  Otherwise,  there  is  no  guarantee  that  completed  courses  will 
be  accepted  towards  a  degree. 
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The  Program  of  Studies  is  a  plan  of  study  which,  when  satisfactorily  completed,  will 
merit  receipt  of  the  appropriate  degree.  It  is  initiated  by  the  student  on  the  appropriate 
form,  approved  by  the  faculty  member  assigned  by  the  major  department,  and  filed  in 
the  office  of  the  Dean  of  the  School  of  Engineering. 

Degree  Candidacy 

Each  student  seeking  a  degree  must  file  for  Degree  Candidacy  before  he  has  com¬ 
pleted  35  quarter  units.  At  least  ten  quarter  units  must  be  completed  at  Santa  Clara  af¬ 
ter  Degree  Candidacy  is  received.  Since  a  3.0  grade  point  average  is  required  in  work 
taken  in  graduate  standing  to  earn  the  Master’s  degree,  candidacy  will  not  be  granted 
until  that  achievement  level  is  reached. 

Master’s  Thesis 

All  students  who  seek  the  Master’s  degree  and  are  enrolled  on  a  full-time  basis 
must  submit  a  Master’s  Thesis  unless  specifically  exempt.  Students  who  wish  to  sub¬ 
stitute  course  work  must  receive  written  permission  from  the  major  department  to 
make  the  substitution. 


Master’s  Degree  Requirements 

The  Master’s  degree  will  be  granted  to  degree  candidates  who  complete  a  program 
of  studies  which  has  been  approved  by  the  major  department.  It  must  include  no  less 
than  45  quarter-hours  of  which  nine  may  be  earned  by  completing  a  thesis.  In  addi¬ 
tion,  a  quality  level  of  3.0  (a  B  average)  must  be  earned  in  course  work  taken  at  Santa 
Clara  while  enrolled  in  the  Graduate  Degree  Program.  Residence  requirements  of  the 
University  will  be  met  by  completing  36  quarter-hours  of  the  graduate  program  at 
Santa  Clara.  All  units  applied  toward  the  degree,  including  those  transferred  from 
other  institutions,  must  be  within  a  six-year  period. 

All  degree  candidates  must  file  a  degree  application  with  the  Dean  of  the  School  of 
Engineering  at  least  two  months  before  the.day  on  which  the  degree  is  to  be  granted. 
A  degree  application  form  may  be  obtained  from  the  same  office. 

DEPARTMENT  REQUIREMENTS 
Civil  Engineering  and  Engineering  Mechanics 

The  program  in  Civil  Engineering  emphasizes  the  fields  of  Engineering  Mechanics 
and  Public  Works  Administration.  Consequently,  the  degree  may  be  obtained  in  Engi¬ 
neering  Mechanics  or  Public  Works  Administration. 

The  master’s  degree  in  Engineering  Mechanics  may  be  earned  by  part-time  stu¬ 
dents  in  a  program  of  Early-Bird  courses.  A  minimum  of  three  years  is  required.  Stu¬ 
dents  whose  work  load  is  too  heavy  to  accomplish  the  program  in  the  minimum  time 
may  take  longer.  The  following  four-unit  courses  will  be  required  of  all  candidates: 


CE  209 

Thin  Plates  and  Shell  Structures 

CE211 

Advanced  Strength  of  Materials 

CE  214 

Theory  of  Elasticity 

CE  216 

Theory  of  Plasticity 

CE  218 

Dynamics  of  Structures 
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CE  221  Stability  of  Structures 

CE  222  Statically  Indeterminate  Structures 

In  addition  the  candidates  shall  earn  credit  in  Applied  Mathematics  130  and  131 
and  four  other  units  of  Applied  Mathematics.  The  balance  of  the  program  shall  be  op¬ 
tional  courses  approved  by  the  advisor. 

The  program  in  Public  Works  Administration  in  the  Civil  Engineering  Department  of¬ 
fers  the  practicing  graduate  engineer  an  opportunity  to  earn  an  advanced  degree  in 
the  field  of  management  of  public  engineering  organizations.  Courses  are  offered 
which  enable  the  student  to  obtain  the  degree  in  a  minimum  of  three  years  while  fully 
employed  and  which  relate  the  classroom  instruction  to  the  student’s  employment. 

The  program  of  studies  requires  45  credits  and  includes: 

1 .  Fourteen  required  courses  (28  units)  as  follows:  CE251 ,  CE252,  CE253, 
CE254,  CE255,  CE256,  CE257,  CE259,  CE272,  CE273,  CE277,  CE284, 
CE285,  and  CE286. 

2.  A  minimum  of  six  courses  (12  units)  from  among  the  following:  CE258, 
CE260,  CE261 ,  CE262,  CE263,  CE264,  CE265,  CE266,  CE268,  CE269, 
CE271 ,  CE274,  CE276,  CE277,  CE278,  CE281 ,  CE282,  and  CE283. 

3.  Five  additional  credits  from  among  other  related  courses  or  as  a  special 
work-related  study  project  approved  by  the  advisor. 


Computer  Science 

A  program  of  studies  for  the  MSCS  degree  must  contain  a  minimum  of  25  Electrical 
Engineering  and  Computer  Science  units  and  must  include: 

1 .  One  of  the  following  minimal  course  sequences  in  Digital  Systems  and  Com¬ 
puter  Science: 

(a)  EECS  301,  Introduction  to  Programming;  EECS  302,  Introduction  to 
Digital  Systems,  EECS  305,  Theory  and  Practice  of  Combinational 
Logic;  EECS  306,  Theory  and  Practice  of  Sequential  Logic;  EECS 
307,  Digital  Computer  Organization  and  Implementation:  EECS  308, 
Digital  Computer  Architecture  and  Structure;  EECS  310,  Machine  In¬ 
dependent  Programming;  and  EECS  31 1 ,  Machine  Department  Pro¬ 
gramming.. 

(b)  EECS  301,  Introduction  to  Programming;  EECS  302,  Introduction  to 
Digital  Systems;  EECS  305,  Theory  and  Practice  of  Combinational 
Logic;  EECS  306,  Theory  and  Practice  of  Sequential  Logic  EECS 
310,  Machine  Independent  Programming;  EECS  311,  Machine  De¬ 
pendent  Programming;  EECS  312,  Theory  and  Design  of  Program¬ 
ming  Languages;  and  EECS  313,  Theory  and  Design  of  Operating 
Systems. 

2.  Two  of  the  following  course  sequences  in  Applied  Mathematics: 

(a)  AM  1 1 0  and  111:  Introduction  to  Probability  I  and  II. 

(b)  AM  1 20  and  1 21 :  Numerical  Analysis  I  and  II. 

(c)  AM  1 40  and  1 41 :  Modern  Algebra  I  and  II. 

(d)  AM  1 45  and  1 46:  Linear  Algebra  I  and  II. 
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(e)  AM  1 70  and  171:  Optimization  Techniques  I  and  II. 

(f)  AM  1 80  and  1 81 :  Combinational  Mathematics  I  and  II. 

(g)  AM  240  and  241 :  Linear  Programming  I  and  II. 

(h)  AM  246  and  247:  Graph  Theory  I  and  II. 

3.  Students  who  do  not  have  an  undergraduate  degree  in  electrical  engineer¬ 
ing  must  also  take: 

(a)  One  graduate  Electrical  Engineering  course  in  modern  network  anal¬ 
ysis  and  topology,  (eg,  EECS  21 0) 

(b)  One  graduate  Electrical  Engineering  course  in  electronics,  (eg., 
EECS  250) 

(c)  One  graduate  Electrical  Engineering  course  in  control  systems,  (eg., 
EECS  230) 

Adjustment  of  these  requirements  and  any  alterations  in  the  program  of  studies 
must  be  by  way  of  petition  initiated  by  the  student  through  his  academic  advisor. 

Students  are  urged  to  consult  the  brochure  Opportunities  for  Graduate  Study  in  Di¬ 
gital  Systems  and  Computer  Science,  revised  quarterly  and  available  on  request  from 
the  office  of  the  Department  of  Electrical  Engineering  and  Computer  Science,  for  the 
latest  information  on  course  offerings  and  degree  requirements  when  planning  a  pro¬ 
gram  of  studies  for  the  MSGS  degree. 

DEGREE  CANDIDACY:  Students  not  admitted  to  Degree  Candidacy  at  initial  enroll¬ 
ment  must  complete  a  minimum  of  20  units  to  become  eligible  for  Degree  Candidacy. 

ELECTRICAL  ENGINEERING 

PROGRAM  OF  STUDIES:  Students  not  admitted  to  degree  candidacy  of  the  MSEE 
program  on  initial  enrollment  must  file  a  program  of  studies  when  they  have  accumu¬ 
lated  ten  quarter  units  of  work  at  Santa  Clara,  regardless  of  grade  point  average,  in¬ 
cluding  units  transferred  from  other  institutions  and  before  they  have  accumulated  20 
quarter  units. 

The  program  of  studies  must  contain  a  minimum  of  25  Electrical  Engineering  and 
Computer  Science  units  and  must  include: 

(1 )  One  graduate  course  in  Electromagnetic  Fields  (EECS  201 ) 

(2)  Two  graduate  courses  in  Modern  Networks  (EECS  211  and  EECS  212  or 
EECS  21 3  or  EECS  21 4) 

(3)  One  graduate  course  in  Control  Systems  (EECS  236) 

(4)  One  graduate  course  in  Electronics  (excluding  EECS  250) 

(5)  Two  graduate  courses  in  Digital  Systems  and  Computer  Science  (EECS  301 , 
EECS  305) 

(6)  Four  applied  mathematics  courses,  including  the  AM  1 45-1 46  sequence 

(7)  Such  additional  courses  in  the  student’s  area  of  emphasis  and  in  other  areas 
as  shall  be  developed  with  the  advisor,  and  approved  as  a  part  of  the  stu¬ 
dent’s  total  program  (minimum  of  45  hours). 

These  requirements  may  be  adjusted  by  the  student  advisor  on  the  basis  of  the  stu¬ 
dent’s  previous  graduate  work.  (Before  completion  of  10  units,  and  preferably  as 
early  as  possible.)  Alterations  in  the  approved  program,  not  relating  to  the  above  De- 
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partmental  requirements,  may  be  requested  at  any  time  by  petition  initiated  by  the  stu¬ 
dent  through  his  advisor.  (Petition  forms  available  in  EECS  office.) 

DEGREE  CANDIDACY:  Students  who  are  not  admitted  to  degree  candidacy  at  the 
time  they  enroll  must  apply  for  candidacy  after  they  have  completed  at  least  1 5  units 
at  Santa  Clara,  with  a  grade  point  average  of  3.0. 

Mechanical  Engineering 

A  program  of  studies  to  meet  the  interest  of  the  individual  should  be  developed  with 
a  member  of  the  Department.  Candidates  for  the  Master’s  degree  must  submit  their 
proposed  program  for  departmental  approval  upon  filing  for  candidacy  status.  The 
program  must  contain  at  least  six  units  in  advanced  mathematics  and  one  course  in 
advanced  physical  or  life  sciences.  A  maximum  of  5  units  may  be  taken  in  the  Gradu¬ 
ate  School  of  Business  upon  department  approval. 

MASTER  OF  SCIENCE  IN  ENGINEERING 

This  program  was  initiated  to  accommodate  those  who  wish  to  seek  goals  which  do 
not  fall  within  the  patterns  of  the  designated  degree  programs.  A  program  which  com¬ 
bines  engineering,  mathematics,  and  the  physical  and  life  sciences  might  be  a  de¬ 
sired  plan.  The  program  must  be  made  up  of  courses  in  engineering,  mathematics,  or 
science:  approved  by  an  advisor,  and  filed  at  the  time  degree  candidacy  is  sought. 

MASTER  OF  SCIENCE  IN  APPLIED  MATHEMATICS 

The  Applied  Mathematics  program  is  open  to  those  students  who  have  earned  a 
B.S.  degree  in  Engineering,  Science,  or  Mathematics.  A  minimum  of  36  quarter-hours 
of  mathematics  must  have  been  completed.  The  undergraduate  preparation  must  in¬ 
clude  courses  through  the  calculus  (16  quarter-units),  differential  equations  (4  quar¬ 
ter-units),  advanced  calculus  (4  quarter-units),  algebra  (modern  algebra,  linear  alge¬ 
bra,  or  matrix  theory)  (4  quarter-units),  complex  variables  (4  quarter-units).  The 
remaining  hours  may  be  satisfied  by  courses  in  applied  mathematics  or  analysis. 

The  courses  for  the  Master’s  degree  must  include  no  less  than  30  quarter-hours  in 
Applied  Mathematics  of  which  a  minimum  of  1 2  quarter-hours  must  be  in  200-level 
courses.  The  balance  of  the  program  may  be  in  related  areas  in  engineering  or  phys¬ 
ics. 


THE  ENGINEER’S  DEGREE  PROGRAM 

The  program  leading  to  the  degree  of  Engineer  is  particularly  designed  for  the  con¬ 
tinuing  education  of  the  practicing  engineer.  It  is  offered  in  Electrical  and  Mechanical 
Engineering,  and  Engineering  Mechanics.  The  degree  is  granted  upon  completion  of 
an  approved  academic  program  and  a  record  of  acceptable  technical  achievement  in 
the  candidate’s  field  of  engineering.  The  academic  program  consists  of  a  minimum  of 
45  quarter-units  beyond  the  Master’s  degree.  Courses  are  selected  to  advance  the 
engineer’s  competence  in  specific  areas  relating  to  his  professional  work.  Evidence  of 
technical  achievement  must  include  a  paper  authored  principally  by  the  candidate 
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and  of  such  quality  as  to  be  published  in  a  recognized  engineering  journal.  All  papers 
must  be  submitted  to  appropriate  journals  at  the  time  they  are  submitted  to  the  de¬ 
partment. 

Admission  to  the  program  will  in  general  be  granted  only  to  those  students  who 
demonstrate  superior  ability  in  meeting  the  requirements  for  their  Master’s  degree. 
Normally,  the  Master’s  degree  would  be  earned  in  the  same  field  as  that  in  which  the 
Engineer’s  degree  is  sought. 

A  program  of  studies  for  the  Engineer’s  degree  should  be  developed  with  the  as¬ 
sistance  of  an  advisor  and  submitted  during  the  first  term  of  enrollment.  An  applica¬ 
tion  for  degree  candidacy  must  be  submitted  prior  to  the  completion  of  ten  quarter- 
units  of  course  work. 

In  the  field  of  Electrical  Engineering,  courses  which  that  Department  consider  to  be 
at  the  introductory  Master  of  Science  level  (such  as  EECS  201 ,  210,  21 1 ,  212,  230, 
231, 236,  241, 250,  251, 301, 302,  341, 342,  AM  1 10,  1 1 1 ,  120,  121 ,  130,  131 ,  135, 
136,  140,  145,  146)  are  not  generally  acceptable  in  an  Engineer’s  Degree  program  of 
studies.  With  the  approval  of  the  advisor  the  student  may  include  up  to  three  of  these 
courses  in  an  Engineer’s  Degree  program.  The  Department  also  requires  that  at  least 
15  units  of  the  program  of  studies  be  in  topics  other  than  the  student’s  major  field  of 
concentration.  Candidates  admitted  to  the  program  in  Electrical  Engineering,  who 
have  MS  degrees  other  than  in  Electrical  Engineering,  must  include  in  their  graduate 
program  (MS  and  EE  combined)  a  total  of  at  least  45  units  of  graduate  level  Electrical 
Engineering  course  work  exclusive  of  computer  software  courses. 

Students  should  consult  the  departments  for  other  degree  requirements. 


THE  DOCTOR  OF  PHILOSOPHY  PROGRAM 

The  degree  of  Doctor  of  Philosophy  is  conferred  by  the  School  of  Engineering  pri¬ 
marily  in  recognition  of  competence  in  the  subject  field  and  the  ability  to  investigate 
engineering  problems  independently.  The  work  for  the  degree  consists  of  engineering 
research  and  the  preparation  of  a  thesis  describing  it,  and  a  program  of  advanced 
studies  in  engineering,  mathematics,  and  related  physical  sciences.  The  student’s 
work  is  directed  by  the  department,  subject  to  the  general  supervision  of  the  School 
of  Engineering.  Currently,  Electrical  Engineering  and  Computer  Science  is  the  only 
department  granting  the  degree. 

Requirements  for  Admission 

All  applicants  for  the  doctoral  program  are  required  to  take  the  Advanced  Engineer¬ 
ing  Test  of  the  Graduate  Record  Examination  administered  by  the  Educational  Testing 
Service,  4640  Hollywood  Boulevard,  Los  Angeles,  California  90027,  or  20  Nassau 
Street,  Princeton,  New  Jersey  08540.  The  Testing  Service  must  be  requested  to  for¬ 
ward  the  results  to  the  Dean,  School  of  Engineering.  An  academic  achievement  of  the 
Master’s  level,  or  its  equivalent,  is  required  of  all  applicants.  Students  who  have 
earned  the  Master’s  degree  from  the  University  of  Santa  Clara  must  file  a  new  applica¬ 
tion  to  continue  work  toward  the  Doctor’s  degree. 

All  applicants  for  doctoral  degree  programs  who  have  been  admitted  by  the  School 
of  Engineering  to  advanced  standing  shall  present  themselves  for  preliminary  exami¬ 
nations  by  their  major  department  at  such  times  as  shall  be  set  by  the  departments. 
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These  examinations  shall  be  written  and/or  oral  and  shall  include  fundamentals  of 
mathematics  and  the  physical  sciences,  as  well  as  engineering  subjects. 

Only  those  applicants  who  have  shown  sufficient  background  and  promise  in  the 
preliminary  examinations  shall  be  accepted  as  doctoral  candidates.  The  preliminary 
examinations  may  be  repeated  only  once,  and  then  only  at  the  discretion  of  the  major 
department  and  after  one  year. 

The  applicant  should: 

1 .  Submit  an  Application  for  Admission  to  the  Engineering  School. 

2.  Submit  a  list  of  three  references  who  can  attest  to  the  potential  of  the  candi¬ 
date. 

3.  Submit  a  500-word  biography  indicating  the  applicant’s  academic,  research, 
and  professional  goals. 

4.  Submit,  if  requested,  copies  of  theses,  papers,  or  reports  written  by  the  ap¬ 
plicant. 

5.  Submit  copies  of  transcripts  of  academic  records  at  all  universities  attended. 
Please  request  the  Registrar  of  each  university  to  forward  the  transcript  di¬ 
rectly  to  the  Dean,  School  of  Engineering. 


Registration 

Students  are  required  to  file  a  program  of  studies  with  the  Department  during  the 
first  quarter  of  attendance.  This  program  must  be  approved  by  the  Graduate  Pro¬ 
grams  Committee.  The  student’s  advisor  must  approve  the  portion  of  the  program  to 
be  undertaken  each  quarter,  whether  it  is  research,  course  work,  or  independent 
reading.  An  amended  program  must  be  filed  to  record  any  changes  from  the  original 
program.  Changes  must  be  approved  by  the  Graduate  Programs  Committee. 

A  student  will  not  receive  credit  for  a  course  unless  properly  registered.  Units  as¬ 
signed  for  research  shall  be  determined  by  the  instructor.  The  instructor  may  reduce 
the  number  of  research  units  for  any  term  in  which  the  anticipated  research  progress 
is  not  attained. 


General  Requirements 

The  Doctor’s  degree  is  granted  primarily  on  the  basis  of  achievement,  rather  than 
on  the  accumulation  of  units  of  credit.  However,  the  candidate  is  expected  to  have 
completed  three  academic  years  of  residence  in  a  graduate  program  beyond  the 
Bachelor’s  degree.  Generally  this  is  interpreted  to  mean  a  minimum  of  1 35  quarter- 
units  of  graduate  credit.  Of  these,  a  total  of  45  may  be  earned  as  research  credit  for 
the  Master’s  and  Doctor’s  theses.  Normally  the  remainder  is  earned  through  course 
work  and  independent  study. 

Residence:  A  minimum  of  eleven  months’  full-time  study  must  be  undertaken  at  the 
University  for  the  doctorate.  The  residency  time  shall  normally  correspond  to  the  pe¬ 
riod  of  the  oral  examinations  and  the  completion  of  the  thesis.  This  may  be  accom¬ 
plished  in  one  calendar  year  or  four  full-time  summer  terms. 

Admission  to  Candidacy:  Upon  completion  of  the  formal  course  program  of  studies, 
as  approved  by  the  Graduate  Programs  Committee,  the  student  shall  present  himself 
for  comprehensive  examinations  on  the  subjects  of  his  course  work.  The  arrange- 
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ments  for  the  comprehensive  examinations  shall  be  initiated  by  the  student  through 
the  Graduate  Programs  Committee. 

Those  students  who  have  performed  satisfactorily  on  the  comprehensive  examina¬ 
tions  may  apply  for  degree  candidacy  by  submitting  a  formal  letter  of  application  to 
the  Dean  of  the  School  of  Engineering.  This  must  be  accompanied  by  a  statement  of 
intent  of  research  supervision  by  the  student’s  thesis  advisor  and  a  letter  of  recom¬ 
mendation  by  the  Department  Chairman.  It  shall  be  the  student’s  responsibility  to  ar¬ 
range  for  a  thesis  advisor. 

The  comprehensive  examinations  normally  must  be  completed  within  five  years 
from  the  time  which  the  student  has  been  admitted  to  advanced  standing.  Compre¬ 
hensive  examinations  may  be  repeated  only  once. 

Preparation  for  Research:  The  Doctoral  candidate  shall  request  his  thesis  advisor 
and  the  Department  Chairman  to  form  a  Doctoral  Committee.  This  committee  shall 
consist  of  at  least  five  members,  including  the  thesis  advisor  and  two  additional  mem¬ 
bers  from  the  major  department.  The  committee  shall  include  two  members  from  the 
Mathematics  and/or  Physical  Science  departments. 

The  Doctoral  Committee  shall  determine  language  requirements,  and  any  further 
studies  which  may  be  required. 

Oral  Examination:  Within  a  period  of  three  years  after  admission  to  candidacy,  the 
student  must  normally  make  arrangements  with  the  Doctoral  Committee  for  the  oral 
examination  on  his  research  and  thesis.  This  examination  shall  be  conducted  by  the 
Doctoral  Committee  and  whomever  they  appoint  as  examiners.  The  thesis  must  be 
made  available  to  all  examiners  one  month  prior  to  the  examination.  The  oral  exami¬ 
nation  shall  consist  of  a  presentation  of  the  thesis,  which  shall  not  exceed  forty  min¬ 
utes,  and  the  defense  of  the  thesis,  which  shall  not  exceed  one  hour.  This  examina¬ 
tion  shall  be  open  to  all  faculty  members  of  the  University  of  Santa  Clara  and  shall  be 
announced  two  weeks  prior  to  the  examination  date. 

Thesis:  At  least  one  month  before  the  degree  is  to  be  conferred,  the  candidate  must 
submit  to  the  Dean  of  the  School  of  Engineering  two  copies,  ribbon  or  reproduced,  of 
the  thesis  describing  his  research  in  its  entirety.  The  thesis  shall  not  be  considered  as 
accepted  until  it  has  been  approved  by  the  Doctoral  Committee,  and  until  one  or  more 
articles  based  upon  it  have  been  accepted  for  publication  by  an  acceptable  profes¬ 
sional  or  scientific  journal. 

The  requirements  for  the  Doctor’s  degree  by  the  School  of  Engineering  have  been 
made  to  establish  the  structure  in  which  the  degree  may  be  earned.  Upon  written  ap¬ 
proval  of  the  Academic  Vice  President,  the  Dean  of  the  School  of  Engineering,  and 
the  Chairman  of  the  Department,  other  degree  requirements  may  be  established.  The 
Faculty  of  the  University  reserves  the  right  to  evaluate  both  the  undertakings  and  the 
accomplishments  of  the  degree  candidate  in  total  and  award  or  withhold  the  degree 
as  a  result  of  its  deliberations. 
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INFORMATION  FOR  THE  GUIDANCE  OF  ALL 
GRADUATE  STUDENTS 


Standards  of  Scholarship 

Only  courses  in  which  the  student  has  assigned  grades  of  A,  B,  or  C  may  be  coun¬ 
ted  in  satisfaction  of  the  requirements  for  the  Master’s  degree.  The  student  must  earn 
a  3.0  average  in  all  courses  taken  at  Santa  Clara  as  a  graduate  student  to  be  eligible 
for  the  degree.  Only  credits,  and  not  grade-points,  are  transferred  from  other  institu¬ 
tions.  The  Dean  of  the  School  of  Engineering  will  request  students  to  terminate  enroll¬ 
ment  when  satisfactory  progress  towards  a  degree  is  not  being  maintained. 

Readmission 

An  application  for  readmission  is  required  of  persons  whose  enrollment  in  the  Uni¬ 
versity  lapses  for  two  consecutive  terms,  not  including  summer  terms.  A  regular 
admission  form  will  be  used  with  the  readmission  status  marked  on  it.  Applicants  for 
readmission  must  submit  transcripts  of  the  latest  graduate  work  completed  in  other 
departments  of  the  University,  together  with  official  transcripts  of  study  completed 
elsewhere  since  the  previous  enrollment. 

Academic  Loads 

It  is  recommended  that  work-study  students  limit  their  course  load  upon  their  initial 
registration  to  a  maximum  of  four  quarter-hours.  Despite  the  convenience  of  the 
hours  of  class  meeting,  the  additional  time  for  study,  plus  other  responsibilities,  may 
lead  to  an  overestimation  of  the  quality  of  work  that  can  be  maintained  under  these 
conditions.  Students  enrolled  under  a  work-study  plan  may  not  enroll  for  more  than 
six  quarter-hours.  Students  enrolling  for  more  than  six  quarter-hours  will  be  consid¬ 
ered  resident  students  and  subject  to  the  appropriate  regulations. 

Resident  students  with  a  research  or  teaching  assistantship  will  not  be  allowed  to 
enroll  in  more  than  twelve  quarter-hours  in  any  quarter,  and  no  graduate  student  may 
exceed  fifteen  quarter-hours  in  any  one  quarter.  Ten  quarter-hours  is  considered  the 
minimum  load  for  full-time  enrollment. 

Courses  Completed  at  Other  Institutions 

A  maximum  of  nine  quarter-hours  of  credit  may  be  transferred  from  other  institu¬ 
tions  at  the  discretion  of  the  Graduate  Committee.  Eligible  courses  include  those 
taken  as  a  graduate  student  in  which  a  grade  of  B  or  better  was  earned. 

Foreign  Students 

Admission  to  graduate  study  is  based  on  records  of  undergraduate  work.  If  this 
study  was  in  a  language  other  than  English,  the  individual’s  ability  to  undertake  a  pro¬ 
gram  wherein  the  instruction  is  in  English  is  difficult  to  determine.  The  University  will 
strongly  encourage  review  courses  in  English  and  appropriate  undergraduate 
courses,  not  for  graduate  credit,  when  it  feels  that  an  individual’s  progress  is  suffering 
because  of  a  language  difficulty. 
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A  foreign  student  who  is  accepted  for  enrollment  in  the  University  of  Santa  Clara 
will  receive  a  certificate  of  acceptance,  which  he  must  show  to  the  consular  officer  of 
the  United  States  to  whom  he  applies  for  a  student  visa.  Foreign  students  must  main¬ 
tain  an  enrollment  level  of  at  least  ten  quarter-hours  each  term. 


TUITION  AND  FEES 


Application  Charge . $20.00 

This  charge  is  to  be  sent  with  each  application  form  and  is  not  refundable. 

Tuition,  per  quarter  hour  for  all  courses,  including  Thesis . 65.00 

Auditing  Fee,  per  quarter  hour  for  all  courses . 65.00 

Late  Application  or  Late  Registration  Fee . 20.00 

Comprehensive  Written  Examination  Fee . 10.00 

Dissertation  microfilming,  Ph.D . 25.00 

Diploma  and  graduation  fee . 30.00 

Deferment  Service  Fee . 10.00 


Refund  of  Tuition 

Any  student  formally  withdrawing  prior  to  the  fourth  meeting  of  any  regularly 
scheduled  class  will  receive  a  refund  of  one-half  of  the  tuition  for  that  class.  No  re¬ 
funds  will  be  made  subsequent  to  the  fourth  meeting.  The  date  on  which  written  no¬ 
tice  of  withdrawal  is  received  by  the  Dean  of  the  School  of  Engineering  will  determine 
the  refund,  not  the  date  of  last  attendance  by  the  student.  No  refunds  will  be  made  by 
virtue  of  curtailment  of  services  brought  about  as  a  result  of  strikes,  acts  of  God,  civil 
insurrection,  riots  or  the  threat  thereof,  or  other  causes  beyond  the  control  of  the  Uni¬ 
versity. 


FINANCIAL  AIDS 

Financial  assistance  at  the  University  of  Santa  Clara  is  awarded  on  the  basis  of 
demonstrated  leadership  and  character,  superior  academic  record,  and  financial 
need.  Assistance  generally  is  categorized  as  scholarships,  loans,  deferred  payment 
plans  and  jobs. 


Loans 

Because  scholarships  and  grants  are  limited,  many  students  applying  for  aid  find 
the  most  advantageous  method  of  financing  their  education  through  a  loan  program. 
Among  those  available  to  students  of  the  Graduate  School  of  Engineering  are  the  Na¬ 
tional  Defense  Student  Loan  program,  United  Student  Aid  Funds  Inc.,  and  Federally 
Insured  Loans.  Application  forms  and  further  information  may  be  obtained  from  the 
Office  of  Financial  Aids,  University  of  Santa  Clara. 

Scholarships 

Besides  the  conditions  laid  down  by  the  donors,  all  scholarships  administered  by 
the  University  are  subject  to  the  following  conditions: 
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1 .  In  selecting  students  for  scholarship  benefits,  evidence  of  financial  need  is 
required.  From  the  applicants  who  satisfy  this  requirement,  preference  will 
be  given  to  students  with  higher  scholastic  attainments. 

2.  A  student  who  holds  a  scholarship  must  file  a  petition  for  renewal  each  year. 
Petitions  for  new  or  renewed  scholarships  by  students  already  in  attendance 
at  the  University  must  be  submitted  before  January  1 5. 

3.  Scholarships  may  be  cancelled  at  any  time  for  serious  infractions  of  the  rules 
and  regulations  of  the  University. 

4.  As  a  general  rule,  undergraduate  applicants  receive  priority  consideration 
for  the  different  financial  aids  for  which  both  graduate  and  undergraduate 
students  are  eligible  to  apply. 


Veterans  and  Veterans’  Dependents  Assistance 

The  University  of  Santa  Clara  is  listed  by  the  Veterans  Administration  as  qualified  to 
receive  students  under  Chapter  34  (veterans),  Chapter  35  (veterans’  dependents — 
son  or  daughter  with  parent  deceased  or  100%  disabled;  widow  of  any  person  who 
died  in  the  service  or  died  of  a  service  connected  disability,  or  the  wife  of  a  veteran 
with  a  100%  service-connected  disability)  and  Chapter  31  (rehabilitation).  Those  in¬ 
terested  in  attending  under  any  of  these  chapters  should  contact  the  Veterans  Admin¬ 
istration  Office  in  their  locality  to  determine  eligibility  for  benefits. 

The  State  of  California  provides  a  program  for  children  of  veterans  who  are  de¬ 
ceased  or  disabled  from  service-connected  causes.  Application  should  be  made  to 
the  California  Department  of  Veterans  Affairs,  350  McAllister  Street,  San  Francisco, 
Ca  94102. 

Information  regarding  these  programs  may  be  obtained  from  the  University  of  Santa 
Clara  veterans’  counselor  located  in  the  Registrar’s  Office,  Della  Walsh  Flail. 


LEARNING  RESOURCE  CENTER 

The  Learning  Resource  Center  is  located  on  the  second  floor  of  the  Benson  Memo¬ 
rial  Center,  Room  21 2,  and  offers  a  variety  of  services  to  all  members  of  the  University 
community.  A  professional  staff  of  educators,  psychologists  and  guidance  specialists 
helps  students  enrich  their  educational  and  personal  development. 

The  L.R.C.  complements  and  supports  other  educational  facilities  through  a  cam¬ 
pus-wide  tutorial  program.  Students  can  obtain  individualized  help  in  many  academic 
subjects.  A  program  of  study  skills  seminars  offers  the  opportunity  to  improve  those 
abilities  which  are  essential  to  academic  success.  The  L.R.C.  also  administers  the 
GRE,  GMAT,  and  Miller  Analogies  exams  and  maintains  an  extensive  library  of  college 
catalogs. 

Counselors  are  available  to  assist  students  in  dealing  with  personal,  emotional,  so¬ 
cial  and  vocational  problems  which  may  confront  them.  A  variety  of  counseling  and 
testing  procedures  are  used  according  to  the  individual’s  personal  needs.  At  all  times 
the  overall  goal  is  to  increase  an  individual’s  personal  development  by  helping  him  re¬ 
alize  his  own  resources  and  potential. 
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NONDISCRIMINATION  POLICY 

The  University  of  Santa  Clara  admits  students  of  any  race,  color,  national  and  eth¬ 
nic  origin  to  all  the  rights,  privileges,  programs,  and  activities  generally  accorded  or 
made  available  to  students  at  this  University.  It  does  not  discriminate  on  the  basis  of 
race,  color,  national  and  ethnic  origin  in  administration  of  its  educational  policies,  ad¬ 
missions  policies,  scholarship  and  loan  programs,  and  athletic  and  other  school- 
administered  programs. 

STUDENT  RECORDS 

The  following  disclosures  regarding  a  student’s  University  records  are  given  in 
compliance  with  the  Family  Educational  Rights  and  Privacy  Act  of  1 974  and  are  avail¬ 
able  for  inspection  as  listed  below: 

a.  Official  academic  records,  including  application  forms,  admissions  tran¬ 
scripts,  letters  of  acceptance  and  a  student’s  Permanent  Academic  Record 
are  on  file  and  maintained  in  the  Registrar’s  Office. 

b.  Working  academic  files  are  also  maintained  by  each  Dean  of  a  School  or 
College  in  their  respective  offices. 

c.  Records  related  to  a  student’s  non-academic  activities  are  maintained  in  the 
Dean  of  Students  Office. 

d.  Records  relating  to  a  student’s  financial  status  with  the  University  are  main¬ 
tained  in  the  Controller’s  Office. 

The  following  types  of  records  are  excluded  from  inspection  by  provisions  of  the 
law;  namely  those  created  or  maintained  by  a  physician,  psychiatrist  or  psychologist 
in  connection  with  the  provision  of  treating  a  student.  A  Parents’  Confidential  State¬ 
ment  of  the  College  Scholarship  Service  is  also  excluded  under  this  same  provision. 

Third  parties  shall  not  have  access  to  education  records  or  other  information  per¬ 
taining  to  students  without  the  written  consent  of  the  particular  student  about  whom 
the  information  is  sought. 

A  written  statement  on  inspection  policies,  list  of  fees  for  copies  and  related  inform¬ 
ation  is  available  in  each  office  containing  student  records.  Complaints  regarding  aca¬ 
demic  records  by  students  may  be  directed  to  the  Dean  of  the  College  or  School  in 
which  the  student  is  enrolled. 

STUDENT  HOUSING 

The  University  maintains  twelve  dormitories  for  undergraduate  students  living  on 
campus.  These  provide  as  homelike  an  atmosphere  as  possible  within  the  framework 
of  the  University’s  educational  requirements. 

Dormitory  space  is  open  to  graduate  students  on  a  space-available  basis.  Inquiries 
should  be  sent  to:  Director  of  Housing,  University  of  Santa  Clara. 


*THE  UNIVERSITY’S  LEGAL  NAME  is:  The  President  and  Board  of  Trustees  of  Santa 
Clara  College  to  which  should  be  added,  a  Corporation,  located  at  Santa  Clara,  Cali¬ 
fornia.  For  the  information  of  individual,  corporation  and  foundation  donors  who  wish 
the  tax-benefits  of  their  gifts  and  grants,  the  University  is  classified  by  the  Internal 
Revenue  Service  as  a  501(c)  (3)  (ii)  tax-exempt  organization  and  also  as  not  a  private 
foundation  under  Section  509(a)  of  the  IRS  code. 
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APPLIED  MATHEMATICS 


Gerald  Markle,  Ph.D.,  Coordinator 
Lecturers:  Stan  Basin,  Charles  H.  Chicks,  Raul  Conti, 

Wade  H.  Foy,  William  T.  Hatley, 

Veril  Phillips,  Paul  O.  Scheibe, 

Undergraduate  Courses 

106.  DIFFERENTIAL  EQUATIONS 

First  order  and  simple  higher  order  ordinary  differential  equations,  applica¬ 
tions:  linear  differential  equations  with  constant  coefficients  and  their  appli¬ 
cations:  linear  differential  equations  with  variable  coefficients;  systems  of  dif¬ 
ferential  equations:  Laplace  transforms  basic  theorems,  solution  of 
differential  equations  by  Laplace  transforms. 

1 1 8.  NUMERICAL  METHODS 

Solution  of  algebraic  and  transcendental  equations,  finite  differences  and  in¬ 
terpolation,  numerical  differentiation  and  integration,  numerical  solution  of 
differential  equations,  method  of  least  squares.  Programming  of  representa¬ 
tive  problems.  Prerequisite:  ability  to  program  in  ALGOL  or  FORTRAN. 

Graduate  Courses 

All  applied  mathematics  courses  on  the  1 00  level  are  assumed  to  be  first-year  grad¬ 
uate  courses.  The  minimum  preparation  for  these  courses  is  a  working  knowledge  of 
the  calculus  and  a  course  in  differential  equations.  A  course  in  advanced  calculus  is 
desirable.  The  200  level  courses  are  graduate  courses  in  mathematics  which  should 
only  be  taken  by  students  who  have  completed  several  1 00  level  courses. 

1 1 0.  INTRODUCTION  TO  PROBABILITY  I  (2) 

Definitions,  sets,  conditional  and  total  probability,  the  binominal  distribution 
approximations,  random  variables,  important  probability  distributions,  func¬ 
tions  of  random  variables,  moments,  characteristic  functions,  joint  probabil¬ 
ity  distributions,  marginal  distributions,  sums  of  random  variables- 
convolutions,  correlation,  sequences  of  random  variables,  limit  theorems. 


111.  INTRODUCTION  TO  PROBABILITY  II  (2) 

Continuation  of  1 10. 


114.  ENGINEERING  STATISTICS  I  (2) 

Frequency  distributions,  sampling,  sampling  distributions,  univariate  and  bi¬ 
variate  normal  distributions,  analysis  of  variance,  two-  and  three-factor  anal¬ 
ysis,  regression  and  correlation,  design  of  experiments. 

115.  ENGINEERING  STATISTICS  II  (2) 

Continuation  of  1 14. 
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120.  NUMERICAL  ANALYSIS  I  (2) 

Solution  of  algebraic  and  transcendental  equations,  finite  differences,  inter¬ 
polation,  numerical  differentiation  and  integration,  solution  of  ordinary  differ¬ 
ential  equations,  matrix  methods  with  applications  to  linear  equations,  curve 
fittings,  programming  of  representative  problems. 

121.  NUMERICAL  ANALYSIS  II  (2) 

Continuation  of  1 20. 

1 25.  VECTOR  ANALYSIS  I  (2) 

Algebra  of  vectors.  Differentiation  of  vectors.  Parial  differentiation  and  asso¬ 
ciated  concepts.  Integration  of  vectors.  Applications.  Basic  concepts  of  ten¬ 
sor  analysis. 

126.  VECTOR  ANALYSIS  II  (2) 

Continuation  of  125. 

130.  APPLIED  MATHEMATICS  I  (2) 

Hyperbolic  functions,  elliptic  integrals,  power  series  solution  of  differential 
equations,  special  functions. 

131.  APPLIED  MATHEMATICS  II  (2) 

Orthogonal  functions,  Fourier  series,  Euler’s  equations,  even  and  odd  func¬ 
tions,  half-range  functions,  Laplace  transforms,  basic  transforms,  applica¬ 
tion.  (Note:  1 30  and  1 31  may  be  taken  in  either  order.) 

132.  APPLIED  MATHEMATICS  III  (2) 

Partial  differential  equations,  separation  of  variables,  Laplace  transform 
methods  applied  to  the  solution  of  partial  differential  equations.  Prerequi¬ 
sites:  A.M.  1 30  and  A.M.  1 31 . 

1 35.  COMPLEX  VARIABLES  I  (2) 

Algebra  of  complex  numbers,  calculus  of  complex  variables,  analytic  func¬ 
tions,  harmonic  functions,  power  series,  residue  theorems,  application  of 
residue  theory  to  definite  integrals,  conformal  mappings. 

1 36.  COMPLEX  VARIABLES  II  (2) 

Continuation  of  135. 

140.  MODERN  ALGEBRA  I  (2) 

Introduction  to  postulational  systems,  integers  as  an  integral  domain,  study 
of  rational,  real  and  complex  number  fields,  polynominal  forms  and  func¬ 
tions,  introduction  to  group  theory,  vectors  and  vector  spaces,  algebra  of 
matrices,  rings  and  ideals. 
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141.  MODERN  ALGEBRA  II  (2) 

Continuation  of  140. 

145.  LINEAR  ALGEBRA  I  (2) 

Vector  spaces,  transformations,  matrices,  characteristic  value  problems, 
canonical  forms  and  quadratic  forms. 

146.  LINEAR  ALGEBRA  II  (2) 

Continuation  of  AM  1 45. 

1 70.  OPTIMIZATION  TECHNIQUES  I  (2) 

A  study  of  optimization  techniques  with  emphasis  on  experimental  methods. 
Necessary  and  sufficient  conditions  for  extreme  of  functions.  One¬ 
dimensional  search  methods.  Steepest  ascent,  partan,  conjugate  gradient 
and  ridge-acceleration  techniques.  Prerequisite:  Ability  to  program  in  For¬ 
tran. 

r 

1 71 .  OPTIMIZATION  TECHNIQUES  II  (2) 

A  study  of  optimization  problems  involving  equality  constraints  and  inequal¬ 
ity  constraints  by  gradient  and  non-gradient  methods. 

1 78.  ENVIRONMENTAL  MODELS  I  (2) 

Mathematical  modelling  of  environmental  and  ecological  systems.  Emphasis 
on  the  quantitative  description  of  the  following  phenomena:  Dispersal  of  air 
and  water  pollutants,  noise  pollution  phenomena,  thermal  pollution  from  nu¬ 
clear  power  generation  and  long  term  geophysical  effects. 

179.  ENVIRONMENTAL  MODELS  II  (2) 

Continuation  of  A.M.  178.  Dynamics  of  populations.  Criteria  for  extenction, 
stability  and  unstable  growth  of  human,  animal  and  plant  species.  Interrela¬ 
tions  of  different  species  and  the  physical  environment.  Special  attention  will 
be  given  to  examples  from  the  San  Francisco  Bay  Area. 

1 80.  COMBINATORIAL  MATHEMATICS  I  (2) 

Permutations,  combinations,  partitions,  enumeration  methods  generating 
functions,  evaluation  of  descrete  sums,  and  introduction  to  graph  theory. 
Recurrence  relations,  solution  of  difference  equations,  the  principle  of  inclu¬ 
sion  and  exclusion,  Polya’s  theory  of  counting.  Applications.  Knowledge  of 
matrices  suggested. 

1 81 .  COMBINATORIAL  MATHEMATICS  II  (2) 

Continuation  of  180. 

201 .  ANALYTIC  FUNCTIONS  I  (2) 

Complex  integration,  calculus  of  residues,  power  series,  conformal  repre¬ 
sentation  applications.  Prerequisite:  Elementary  course  in  Complex  Varia¬ 
bles. 
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202.  ANALYTIC  FUNCTIONS  II  (2) 

Continuation  of  201 . 

205.  ADVANCED  NUMERICAL  ANALYSIS  I  (2) 

Numerical  solution  of  partial  differential  equations,  finite  difference  methods, 
Monte  Carlo  techniques,  relaxation  methods,  programming  of  representative 
problems.  Prerequisites:  120,  121  and  ability  to  program  in  Fortran. 

206.  ADVANCED  NUMERICAL  ANALYSIS  II  (2) 

Matrix  computations,  eigen  values  of  finite  matrices,  application  of  matrix 
methods  to  the  solution  of  systems  of  linear  equations,  programming  of  rep¬ 
resentative  problems.  Prerequisite:  120,  121  or  equivalent. 

210.  INTEGRAL  EQUATIONS 

Solution  of  Integral  Equations  by  successive  substitution,  solution  of  the  Fre¬ 
dholm  Equation,  application  of  Fredholm  Theory,  Hilbert-Schmidt  Theory  of 
integral  Equations  with  symmetric  kernels,  applications. 

21 1 .  CALCULUS  OF  VARIATION  I  (2) 

Euler-LaGrange  Equation.  Du  Bois-Reymond  Lemma  Weierstras-Erdmann 
Conner  condition.  Legendre  condition.  Noether’s  Theorem.  Isoperimetric  in¬ 
equalities.  Applications. 

21 2.  CALCULUS  OF  VARIATION  II  (2) 

Continuation  of  21 1 . 

21 5.  MATRIX  THEORY  I  (2) 

Properties  and  operations,  vector  spaces  and  linear  transforms,  characteris¬ 
tic  roots  and  vectors,  inversion  of  matrices,  applications.  Prerequisite:  145. 

21 6.  MATRIX  THEORY  II  (2) 

Continuation  of  215. 

21 9.  MATHEMATICAL  ANALYSIS  I  (2) 

Limits  and  continuity;  infinite  series  and  products;  sequences  of  functions; 
the  Lebesgue  integral;  multiplebesgue  integrals;  derivatives,  multivariate  dif¬ 
ferential  calculus,  implicit  functions  and  extremum  problems.  Prerequisite: 
Advanced  calculus  or  equivalent. 

220.  MATHEMATICAL  ANALYSIS  II  (2) 

Continuation  of  A.M.  219. 

230.  ADVANCED  APPLIED  MATHEMATICS  I  (2) 

Functional  spaces,  vector  and  matrices,  systems  of  orthogonal  functions, 
linear  spaces,  manifolds,  linear  operators,  spectral  theory,  functions  of  oper¬ 
ators  and  matrices,  Green’s  functions,  delta  functions,  differential  operators, 
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eigen  function  representation  of  operators,  perturbation  methods,  operators 
for  partial  differential  equations. 

231 .  ADVANCED  APPLIED  MATHEMATICS  II  (2) 

Continuation  of  230. 

232.  ADVANCED  APPLIED  MATHEMATICS  III  (2) 

Continuation  of  231 . 

233.  NON-LINEAR  DIFFERENTIAL  EQUATIONS  I  (2) 

Theory  of  non-linear  equations,  existence  of  solutions,  uniqueness  of  solu¬ 
tions,  first  order  equations,  second  order  equations,  special  methods,  non¬ 
linear  integral  equations.  Periodic  solutions  and  asymptotic  methods.  Pre¬ 
requisites:  137  and  145. 

234.  NON-LINEAR  DIFFERENTIAL  EQUATIONS  II  (2) 

Continuation  of  233. 

236.  TENSOR  ANALYSIS 

Algebra  and  calculus  of  tensors  applications  in  engineering  and  science. 
Prerequisite:  AM  126. 

240.  LINEAR  PROGRAMMING  I  (2) 

Basic  assumptions  and  limitations,  problem  formulation,  algebraic  and  geo¬ 
metric  representation  Simplex  Algorithm,  and  duality. 

241 .  LINEAR  PROGRAMMING  II  (2) 

Network  problems,  transportation  problems,  production  problems.  Continu¬ 
ation  of  241 . 

246.  GRAPH  THEORY  I  (2) 

Introduction  to  graph  theory;  Euler  paths  and  their  applications;  Hamiltonian 
circuits;  trees,  circuits  and  cut-sets;  shortest  path  problems;  planarity  and 
duality;  matching  theory;  directed  graphs.  Prerequisite:  knowledge  of  matrix 
theory. 

247.  GRAPH  THEORY  II  (2) 

Continuation  of  A.M.  146 

250.  MATHEMATICAL  STATISTICS  I 

Mathematical  theory  of  statistics  fundamental  concepts,  principles  of  estima¬ 
tion,  sampling  distributions.  Multivariate  statistics  and  regression  theory. 

251 .  MATHEMATICAL  STATISTICS  II 

Continuation  of  AM  250. 
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258.  FOURIER  TRANSFORMS  (2) 

Elementary  concepts  from  topology,  Fourier  transforms  of  summable  func¬ 
tions,  convolution  theory,  elementary  theory  of  distributions.  Applications. 

262.  STOCHASTIC  PROCESSES  I  (2) 

Types  of  stochastic  processes,  stationarity,  ergodicity,  differentiation  and  in¬ 
tegration  of  stochastic  processes,  correlation  and  power  spectral  density 
functions,  linear  systems,  band  limit  processes,  estimation,  nonstationary 
processes,  normal  processes,  Markov  processes.  Prerequisite:  AM  111. 

263.  STOCHASTIC  PROCESSES  II  (2) 

Continuation  of  262. 

274.  PARTIAL  DIFFERENTIAL  EQUATIONS  I  (2) 

Relation  between  particular  solutions,  general  solutions  and  boundary  val¬ 
ues.  Existence  and  uniqueness  theorems.  Wave  equation  and  Cauchy’s 
problem.  Potential  theory  and  Dirichelet’s  problem.  Heat  equation.  Prerequi¬ 
site:  AM  130,  131. 

275.  PARTIAL  DIFFERENTIAL  EQUATIONS  II  (2) 

Continuation  of  274. 

298.  SPECIAL  PROBLEMS  (1  to  2  units) 

By  special  arrangement. 
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SCHOOL  OF  ENGINEERING 
CIVIL  ENGINEERING  AND  ENGINEERING  MECHANICS 


Morgan  Johnson,  Ph.D.,  Chairman 
Professor:  Morgan  Johnson 
Associate  Professor:  Harold  M.  Tapay 
Assistant  Professor:  Jon  D.  Raggett 

Lecturers:  David  B.  Ashley,  Sam  M.  Cristofano,  Norman  A.  Cyr,  Richard  B.  DeLong, 
Patrick  Ferrard,  Sanford  Getreu,  Ronald  D.  Gruenwald,  David  E.  Hartley,  John  Hop¬ 
kins,  Richard  A.  Hughes,  Marshall  B.  Marlowe,  O.  Lee  Mitchell,  Wilmot  J.  Nicholson, 
John  O’Halloran,  Gay  L.  Pang,  Emanuel  H.  Pearl,  Bernard  Ross,  Urban  J.  Schreiner, 
Olney  Smith,  Wesley  D.  Smith,  Samuel  A.  Sperry,  Jeremy  Wire 

Civil  Engineering  encompasses  the  fields  of  Transportation  Engineering,  Water  Re¬ 
sources  Engineering,  Soils  Engineering,  and  Structural  Engineering. 

Transportation  Engineering  relates  to  the  planning,  design,  and  construction  of 
highways,  airports,  railroads  and  waterways,  and  specialized  facilities  such  as  tun¬ 
nels,  canals  and  canal  locks,  and  harbor  structures. 

Water  Resources  Engineering  deals  with  the  utilization  of  water  resources  such  as 
surface  and  ground  waters,  water  supply  and  distribution,  sewage  collection  and  dis¬ 
posal,  treatment  methods,  and  flood  control  and  irrigation  projects. 

Soils  Engineering  studies  the  use  of  soils  as  engineering  materials,  including  appli¬ 
cations  to  pavements,  building  foundations,  and  earth  structures. 

Structural  Engineering  relates  to  structures  such  as  bridges,  industrial  and  com¬ 
mercial  buildings,  and  various  special  purpose  structures. 

Municipal  and  Public  Works  Engineering  is  a  field  of  application  of  principles  of 
engineering  mechanics,  transportation,  water  resources  structures  and  soils  to  the 
planning  and  administration  of  public  engineering  works. 

100.  CIVIL  ENGINEERING  DESIGN  GRAPHICS 

Applications  of  engineering  drafting  techniques  and  procedures  to  graphs, 
illustrations,  and  engineering  plans. 

1 1 5.  MATERIALS  ENGINEERING 

Origin,  manufacture,  and  processing  of  materials  used  in  civil  engineering. 
Physical  properties  of  metals,  wood,  plastics,  cement,  concrete  and  other 
engineering  materials.  Corrosion  and  its  prevention.  Fire  resistance. 

118.  CONSTRUCTION  ENGINEERING  I 

Licensing.  Drawings  and  specifications.  Cost  analysis,  estimating  and  bid¬ 
ding.  Contracts.  Bonds.  Financing.  Insurance.  Labor  Legislation.  Planning 
and  scheduling. 

121.  SOILS  ENGINEERING 

Origin,  development  and  properties  of  soils.  Classification  of  soils  and  appli¬ 

cations  of  physics  and  engineering  mechanics  to  soil  as  an  engineering  ma- 
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terial.  Water  in  soils.  Compaction,  stabilization,  consolidation  and  bearing 
capacity.  Laboratory.  Prerequisites:  20  and  E  43. 


130.  STATICALLY  DETERMINATE  STRUCTURES 

Member  actions  and  displacements  are  found  for  statically  determinate  con¬ 
tinuous  beams,  trusses,  frames,  and  arches.  Deflections  are  computed  by 
direct  integration  where  possible,  and,  in  general,  by  Castigliano’s  Second 
Theorem.  Prerequisite:  E  43. 

131.  STATICALLY  INDETERMINATE  STRUCTURES 

Statically  indeterminate  continuous  beams,  trusses,  frames  and  arches  are 
analyzed  in  general  by  both  the  flexibility  and  stiffness  methods.  In  addition, 
slope-deflection  equations  and  the  three-moment  equation  are  developed 
for  continuous  beams,  and  moment  distribution  is  developed  for  frames.  Pre¬ 
requisite:  CE  130. 

133.  TIMBER  AND  PRESTRESSED  CONCRETE  DESIGN 

Design  of  all  timber  structures,  and  design  of  prestressed  concrete  struc¬ 
tures.  Particular  attention  will  be  given  to  the  design  of  connection  details. 
The  complete  design  of  simple  structures  made  of  both  materials  will  be  re¬ 
quired.  Three  lectures  and  one  laboratory  weekly.  Prerequisite:  CE  130  and 

135. 

135.  REINFORCED  CONCRETE  DESIGN 

Analysis  and  design  of  reinforced  concrete  structures.  Introduction  to  theory 
of  prestressed  concrete.  Prerequisite:  130. 

1 36.  ADVANCED  CONCRETE  DESIGN 

Theory  and  practice  of  the  design  of  bridges  and  other  concrete  structures. 
Design  of  prestressed  concrete  members.  Prerequisite:  135. 

1 37.  FUNDAMENTALS  OF  EARTHQUAKE  ENGINEERING 

Causes  and  characteristics  of  earthquake  motions.  Introduction  to  the  dy¬ 
namics  of  single  and  multi-degree-of-freedom  lumped  mass  systems.  Intro¬ 
duction  to  finite  element  modeling  of  framed  structures.  Idealization  of  real 
structures  and  analysis  of  idealized  models  by  time-history  and  response 
spectrum  methods.  Special  considerations  for  earthquake  resistant  design  of 
steel,  timber,  and  reinforced  concrete  structures. 

138.  FOUNDATION  ENGINEERING 

Surveying,  mapping  and  foundation  exploration;  slope  stability  and  settle¬ 
ment  analysis;  spread  foundations;  piles  and  caissons;  earth-retaining  struc¬ 
tures;  loads  on  underground  conduits;  subsurface  construction.  Prerequi¬ 
sites:  121  and  135. 
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1 39.  HYDROLOGY  AND  DRAINAGE 

Precipitation,  evaporation,  transpiration,  runoff,  and  infiltration.  Drainage  ar¬ 
eas,  concentration  points,  storage,  and  floods.  Subsurface  movement  and 
recharge.  Street,  highway,  and  airport  drainage.  Pre-  or  co-requisites:  121 
and  E  1 20. 

140.  WATER  RESOURCES  ENGINEERING 

Concepts  of  various  aspects  of  water  resources:  storm  and  flood  waters, 
ground  waters,  water  supply  and  distribution,  sewage  collection  and  dis¬ 
posal,  and  irrigation.  Interrelationship  of  all  aspects.  Importance  of  water  re¬ 
sources  to  the  environment.  Concepts  of  planning  facilities  as  related  to  the 
total  needs  of  the  community.  Prerequisites:  20  and  E  1 20. 

141.  HYDRAULIC  ENGINEERING 

Principles  of  hydraulics;  closed  conduit  and  open  channel  flow;  transitions 
and  structures;  culverts;  sedimentation  and  tractive  resistance.  Prerequisite: 
ME  120. 

142.  WATER  RESOURCES  DESIGN 

Design  of  storage  facilities,  water  distribution  systems,  storm  and  sanitary 
sewer  systems,  treatment  plants,  and  swimming  pools.  Prerequisites:  ME 
120  and  CE135. 

143.  ENVIRONMENTAL  ENGINEERING 

Public  control  of  water-born  and  air-born  diseases;  vector  and  weed  control; 
pesticides;  food  protection.  Management  of  solid  wastes;  air  pollution  con¬ 
trol;  water  quality  control.  Recreational  facilities  and  the  residential  environ¬ 
ment.  Planning,  organizing,  and  managing  environmental  programs.  Prereq¬ 
uisites:  Biology  9  or  Chemistry  2  or  equivalent.  Junior  or  senior  status. 

144.  ENVIRONMENTAL  PLANNING 

Physical  and  esthetic  features  of  the  environment  and  their  influence  on 
planning.  Soil,  geologic,  and  flooding  hazards.  Preservation  of  open  space 
and  amenities.  Air  quality;  water  quality,  congestion.  Applications  to  project 
planning.  Prerequisite:  Junior  or  senior  status. 

145.  TRANSPORTATION  ENGINEERING 

An  introduction  to  the  movement  of  persons  and  goods  as  an  engineering 
function.  Linear  programming  and  network  theory  developed.  Application  of 
these  and  other  mathematical  methods  to  the  planning,  design,  and  opera¬ 
tion  of  facilities  and  systems.  Particular  emphasis  on  traffic  flow.  Junior 
standing  required. 

146.  URBAN  AND  REGIONAL  PLANNING 

Principles  of  city  and  regional  planning.  Organization  and  functioning  of 
planning  agencies.  Urban  and  regional  problems  and  their  influence  on 
planning.  Features  of  general  plans.  Prerequisite:  Junior  or  senior  status. 
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147.  PAVEMENT  DESIGN 

Paving  Materials.  Geometric  and  structural  design  of  highways.  Urban  street 
layout  and  details.  Layout  and  design  of  airport  runways,  taxiways,  and 
aprons.  Pre-  or  co-requisite:  1 21 . 

148.  CONSTRUCTION  ENGINEERING  II 

Construction  methods  and  equipment.  Legal  aspects  of  construction.  Con¬ 
struction  site  organization.  Prerequisites:  1 30,  pre-  or  co-requisite  1 35. 

1 61 .  EXPERIMENTAL  STRESS  ANALYSIS  (2  units) 

Theory  and  practice  of  the  Photo-elastic  and  Moire  methods  for  determining 
stresses.  Photo-elastic  coatings.  Electrical,  mechanical  and  optical  strain 
gages. 

1 70.  ADVANCED  MECHANICAL  PROPERTIES  OF  MATERIALS  (2) 

Theories  of  failure  for  engineering  materials.  Mechanical  properties  of  engi¬ 
neering  materials  at  low  and  elevated  temperatures.  Fatigue  and  Creep  Be¬ 
havior.  Effect  of  radiation  on  mechanical  properties. 

1 75.  THEORY  OF  WAVE  PROPAGATION  I  (2) 

Introduction  to  wave  propagation.  Development  of  general  equations  of  mo¬ 
tion  and  the  reduction  to  the  wave  equations.  Propagation  of  waves  in  an 
isotropic  and  isotropic  media  and  their  reflection  and  reaction  at  boundaries. 

185.  THE  THEORY  OF  FINITE  ELEMENT  METHODS  (2) 

Applications  to  problems  in  theory  of  elasticity,  plates  and  shells. 

186.  FINITE  ELEMENT  METHODS  II  (2) 

Plane  stress  and  plane  strain  problems:  dynamics  of  elastic  and  inelastic 
bodies.  Prerequisite:  1 85  or  knowledge  of  matrix  methods. 

187.  FINITE  ELEMENT  METHODS  III  (2) 

Continuation  of  1 86. 

190.  INDEPENDENT  RESEARCH 

Open  to  Departmental  Scholars  only. 

1 91 .  EXTERNSHIP  (4,  8  or  1 2  units) 

An  option  for  graduating  seniors  to  spend  the  entire  winter  quarter  off  cam¬ 
pus  with  an  engineering  agency. 

193.  PROJECT  DESIGN 

Each  senior  develops  an  approved  project  of  his  own  choosing  from  incep¬ 
tion  through  plans. 
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198.  THESIS  AND  SEMINAR 

Senior  students  conduct  an  independent  engineering  investigation  and  re¬ 
port  it  in  formal  style. 

209.  THIN  PLATES  AND  SHELLS  (4) 

Methods  of  analysis  of  plates  of  various  shapes  under  various  loading  and 
support  conditions.  Fourier  series  solutions,  energy  methods,  and  numerical 
finite  difference  methods.  Membrane  theory  of  shells  of  revolution.  Bending 
theory  of  cylindrical  shells. 

21 1 .  ADVANCED  STRENGTH  OF  MATERIALS  (4) 

Bending  of  beams  with  nonsymmetrical  cross  section.  Curved  Beams.  Shear 
Center.  Shear  Flow  in  open  and  closed  sections.  Torsion  of  open  and  closed 
section  members.  Energy  theorems  and  their  applications.  Beams  on  elastic 
foundations.  Beam  analysis  using  Fourier  Series.  Stress  analysis  of  compos¬ 
ite  materials.  , 

214.  THEORY  OF  ELASTICITY  (4) 

Analysis  of  stress  and  strain  using  cartesian  tensors.  Compatibility  condi¬ 
tions  and  the  uniqueness  theorem.  The  tensor  stress  function  and  Boussi- 
nesq-Papkovitch  displactment  potentials.  Applications  to  boundary-value 
problems  in  three-dimensional  elasticity.  Prerequisite:  CE  150. 

21 6.  THEORY  OF  PLASTICITY  (4) 

Stress  and  strain  analysis  of  members  whose  material  is  loaded  beyond  the 
plastic  limit.  Perfectly  plastic  materials.  Yield  hinges.  Yield  criteria,  slip-line 
folds.  Elasto  plastic  analysis  of  spheres  and  cylinders.  Creep  behavior  of  ma¬ 
terials. 

21 7.  ADVANCED  THEORY  OF  SHELLS  (2) 

Bending  theory  of  shells.  Stress  function  and  numerical  methods  in  shell 
analysis.  Shells  of  negative  curvature  and  shallow  shells.  Shells  of  variable 
thickness.  Prerequisite:  157. 

21 8.  DYNAMICS  OF  STRUCTURES  (4) 

Analysis  and  behavior  of  simple  linear  oscillators.  Natural  mode  shapes  and 
frequencies  for  distributed  and  lumped  mass  systems.  Introduction  to  nonli¬ 
near  vibrations. 

221 .  STABILITY  OF  STRUCTURES  (4) 

Elastic  stability  of  columns  under  axial  loads  and  bending  moments.  Intro¬ 
duction  to  inelastic  stability  analysis  of  columns.  Stability  analysis  of  frames. 
Stability  of  flat  plates  and  cylindrical  shells.  Lateral  buckling  of  beams. 

222.  STATICALLY  INDETERMINATE  STRUCTURES  (4) 

Advanced  methods  for  the  analysis  of  statically  indeterminate  structures. 
Comparison  of  analysis  methods.  Analysis  by  approximate  methods,  energy 
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methods,  and  the  flexibility  and  stiffness  finite  element  methods  suitable  for 
analysis  on  digital  computers. 

228.  MECHANICS  OF  FRACTURE  OF  SOLIDS 

230.  RANDOM  VIBRATIONS 

The  response  of  a  single-  and  multi-degree  of  freedom  linear  systems  to  ran¬ 
dom  loadings  is  studied.  The  random  vibrations  studied  are  restricted  to  be¬ 
ing  stationary  and  ergodic.  Correlation  functions  and  spectral  densities  of 
the  response  are  found  in  terms  of  system  properties  as  well  as  correlations 
and  spectral  densities  of  the  input.  Responses  involving  cross-correlations 
are  also  studied.  Prerequisite:  218. 

236.  THEORY  OF  WAVE  PROPAGATION  II  (2) 

Study  of  the  physical  characteristics  of  Rayleigh  and  Love  waves.  The  three- 
dimensional  frequency  equation  and  spectrum  for  plane  waves.  Prerequisite: 
CE  175. 

237.  SHOCK  WAVES  IN  SOLIDS  II  (2) 

Thermodynamic  constitutive  relations  for  solids,  thermodynamic  effects  in 
shock  propagation,  strain  rate  effects,  the  concepts  of  wave  propagation  in 
three  dimensions.  Discussion  of  current  research. 

251 .  THEORY  AND  PRACTICE  OF  PUBLIC  WORKS  MANAGEMENT 

252.  HUMAN  RESOURCES  MANAGEMENT 

253.  PUBLIC  WORKS  FINANCING 

254.  DECISION  MAKING  AND  IMPLEMENTATION 

255.  EFFECTIVE  COMMUNICATIONS 

256.  PROJECT  PLANNING  AND  EVALUATION 

257.  SYSTEMS  ANALYSIS  IN  PUBLIC  WORKS 

258.  LEGAL  ENVIRONMENT  OF  PUBLIC  WORKS 

259.  GROUP  DYNAMICS 

260.  CONTRACTUAL  RELATIONS  IN  PUBLIC  CONSTRUCTION 

261 .  PUBLIC  WORKS  MAINTENANCE 
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262.  PUBLIC  WORKS  SPECIFICATIONS 

263.  ASSESSMENT  DISTRICT  PROCEEDINGS 

264.  STATISTICS  APPLIED  TO  PUBLIC  WORKS  PROJECTS 

265.  FEDERAL  ASSISTANCE  PROGRAMS 

266.  ADMINISTRATION  OF  PUBLIC  WORKS  CONSTRUCTION 

268.  LEGAL  RAMIFICATIONS  OF  ENVIRONMENTAL  IMPACT 

269.  SUPERVISION  OF  BUILDING  INSPECTIONS 

271 .  ENVIRONMENTAL  QUALITY  AND  PUBLIC  WORKS 

r 

272.  URBAN  PLANNING 

273.  TRANSPORTATION  PLANNING 

274.  ENVIRONMENTAL  HEALTH 

275.  NEW  CONCEPTS  IN  RESIDENTIAL  DEVELOPMENT 

276.  PRINCIPLES  OF  COMMUNITY  DEVELOPMENT 

277.  LAND  USE  AND  RESOURCES  MANAGEMENT 

278.  PARKS  AND  RECREATION  VS.  PUBLIC  WORKS 

281 .  GEOLOGICAL  ENGINEERING  IN  PUBLIC  WORKS 

282.  APPLICATIONS  OF  MODERN  SURVEYING  TECHNIQUES 

283.  CONSTRUCTION  MATERIALS 

284.  SOLID  WASTES  MANAGEMENT 

285.  TRAFFIC  MANAGEMENT 

286.  WATER  RESOURCES  MANAGEMENT 

298.  SPECIAL  PROJECT 

299.  M.S.  THESIS  (1  to  6) 

By  arrangement  with  the  Department 
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ENGINEERING 

Robert  J.  Parden,  Ph.D.,  Coordinator 

3.  INTRODUCTION  TO  COMPUTING 

History  of  computational  needs  and  devices.  Algorithmic  problem-solving; 
flow  charts.  Basic  Computer  Concepts  and  organization.  Number  systems 
and  data  types.  This  course  is  intended  for  all  students.  Prerequisite:  High 
school  algebra. 

41.  MECHANICS  I 

Resolution  and  Composition  of  force  systems  and  equilibrium  of  force  sys¬ 
tems,  acting  on  structures  and  mechanisms.  Introduction  to  stress  and  strain 
analysis.  Prerequisite:  Physics  4. 

42.  MECHANICS  II 

Dynamics  of  a  particle  and  dynamics  of  rigid  bodies.  Introduction  to  theory 
of  vibrations.  Prerequisite:  Mechanics  I. 

43.  MECHANICS  III 

Analysis  of  stresses  and  strains  in  bodies  undergoing  various  leading  condi¬ 
tions.  Energy  theorems  and  their  applications.  Laboratory.  Prerequisite:  Me¬ 
chanics  I 

101  PRINCIPLES  OF  ELECTRICAL  CIRCUITS  I 

The  physical  basis  and  mathematical  models  of  circuit  components  and  en¬ 
ergy  sources  are  introduced.  Circuit  theorems  and  methods  of  analysis  are 
applied  to  D.C.  and  A.C.  circuits.  Laboratory.  Prerequisites:  Math  21,  Engi¬ 
neering  41 . 

102.  PRINCIPLES  OF  ELECTRONIC  CIRCUITS 

Introduction  to  electronic  devices.  Analysis  of  linear  and  non-linear  elec¬ 
tronic  circuits — containing  diodes  and  transistors.  Operational  amplifiers.  In¬ 
troduction  to  digital  circuits.  Laboratory.  Prerequisite:  Engineering  101 . 

103.  PRINCIPLES  OF  ELECTRONICAL  MACHINES 

Magnetic  circuits,  transformers,  DC  and  AC  generators  and  motors. 
Prerequisite:  Engineering  101. 

120  THERMOFLUID  MECHANICS  I 

An  integrated  study  of  the  fluid  mechanics  and  thermodynamics  of  engineer¬ 
ing  systems.  Laboratory.  Prerequisite:  Engineering  41 . 

121.  THERMOFLUID  MECHANICS  II 

A  continuation  of  Engineering  120.  Laboratory.  Prerequisite:  Engineering 
120. 
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132.  ECONOMICS  OF  ENGINEERING  SYSTEMS 

Economic  systems.  Time  value  of  money.  Basic  techniques  of  economic 
analysis  of  engineering  projects.  Planning  and  capital  budgeting.  Regulatory 
agencies.  Cost-benefit  analysis. 

150.  ENGINEERING  MANAGEMENT  (2) 

The  principles  and  practices  of  administration  of  engineering  and  science 
activities,  including  nature  of  management,  organization,  planning,  control¬ 
ling  action,  and  measuring  results. 

152.  ECONOMICS  FOR  ENGINEERING  MANAGEMENT  (2) 

A  review  of  economic  analysis  with  emphasis  on  those  phases  of  major  in¬ 
terest  to  engineering  administration. 

154.  PROBLEMS  IN  ENGINEERING  ADMINISTRATION  (2) 

A  thorough  study  by  the  case  method  is  made  of  engineering  management 
and  administrative  procedures  in  recognizing  and  solving  engineering  prob¬ 
lems. 

1 56.  FINANCIAL  MANAGEMENT  I  (2) 

Study  of  the  features  of  accounting  data  essential  to  the  interpretation  and 
evaluation  of  engineering  operations  and  financial  position  of  the  engineer¬ 
ing  enterprise. 

158.  FINANCIAL  MANAGEMENT  II  (2) 

Advanced  problems  in  planning,  controlling  and  directing  engineering  and 
other  operating  costs  through  budgeting  and  analysis  of  cost  data. 

1 60.  GOVERNMENT  CONTRACT  ADMINISTRATION  (2) 

The  underlying  basic  philosophy  of  contracts  as  developed  by  the  govern¬ 
ment  is  presented  in  some  detail,  and  varying  contractual  relations  between 
the  government  and  industry  are  studied. 

1 62.  MARKETING  FOR  ENGINEERS  (2) 

This  course  is  concerned  with  the  marketing  of  engineering  R  &  D  programs 
and  engineered  products  to  industrial  and  governmental  customers.  Topics 
covered  are  industrial  and  government  procurement;  sales  techniques; 
costs;  pricing;  marketing  research;  specifications  and  customer  require¬ 
ments;  and  government  contracts  and  security  regulations. 

164.  PROBLEMS  IN  HUMAN  RELATIONS  (2) 

Morale  and  discipline  in  management  situations;  case  studies  stressing  the 
prevention  of  and  solution  to  employee  problems  by  means  of  appropriate 
policies,  techniques,  practices,  and  procedures. 
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165.  HUMAN  ENGINEERING  (2) 

A  study  is  made  of  the  physiological  and  psychological  processes  as  related 
to  the  optimal  design  of  machines  and  equipment.  Problems  in  visual  dis¬ 
plays,  auditory  communications,  control  systems,  extreme  environments, 
and  measurement  of  human  error  in  a  wide  variety  of  situations  are  also 
studied. 

167.  R  &  D  MANAGEMENT  I  (2) 

An  analysis  of  the  issues  and  concepts  involved  in  the  management  of  re¬ 
search  and  development  and  its  functional  relationship  to  other  elements  of 
the  corporate  structure.  Particular  attention  is  given  to  the  functional  charac¬ 
teristics  of  the  product  line;  to  company  growth  by  technological  innovation. 

168.  R  &  D  MANAGEMENT  II  (2) 

An  analysis  of  the  issues  and  concepts  involved  in  the  strategic  and  corpo¬ 
rate  development  planning  in  the  modern  technologically  oriented  company. 

1 70.  MANAGERIAL  STATISTICS  I  (2) 

Probability,  moments,  moment  generating  functions;  normal  distribution 
functions;  large  sample  theory  of  a  single  variable;  tests  of  hypothesis;  linear 
regression  and  linear  correlation;  distribution  functions  of  two  variables; 
small  sample  distributions;  the  chi  square  distribution;  Gosset’s  t  distribution; 
analysis  of  variance;  estimation  and  confidence  intervals,  and  information 
theory  are  presented.  Application  is  made  to  engineering  and  industrial 
problems. 

171.  MANAGERIAL  STATISTICS  II 

Continuation  of  E  1 70,  Managerial  Statistics  I. 

1 72.  OPERATIONS  RESEARCH  I  (2) 

A  review  of  probability  theory,  matrix  algebra,  calculus,  differential  equa¬ 
tions,  linear  programming,  and  other  mathematics  used  in  the  study  and  ap¬ 
plication  of  Operations  Research,  followed  by  a  comprehensive  study  of  en¬ 
gineering  management  problems  to  which  the  quantitative  methods  of 
analysis  and  solution  may  be  applicable. 

173.  OPERATIONS  RESEARCH  II  (2) 

Continuation  of  the  study  of  techniques  employed  in  Operations  Research; 
game  theory,  queuing  theory,  information  theory,  and  various  other  such 
techniques. 

175.  RELIABILITY  ENGINEERING  (2) 

A  study  of  methods  and  procedures  useful  in  forecasting,  predicting  and 
evaluating  engineering  design,  utility  and  reliability.  Various  mathematical 
and  statistical  tools  are  employed  including  PERT.  Appropriate  standards  are 
determined  and  applied  in  reliability  engineering. 
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176.  ENGINEERING  LAW  (2) 

The  influence  of  contract,  tort,  and  property  law  upon  engineering  activities. 
Course  includes  legal  principles  relating  to  management  of  engineering  or¬ 
ganizations  and  governmental  departments,  and  legal  procedures  of  interest 
to  engineers.  Topics  will  include  corporations,  liens,  contracts,  expert  testi¬ 
mony,  patent  law,  etc. 

178.  MANAGEMENT  INFORMATION  AND  CONTROL  SYSTEMS  (2) 

A  study  of  organized  systems  designed  to  meet  the  information  needs  of 
management  at  all  levels.  A  detailed  investigation  of  the  system  analysis  and 
design  process  with  emphasis  on  computerized  business  information  and 
control  systems. 

1 80.  INDUSTRIAL  RELATIONS  PROBLEMS  (2) 

A  comparative  case  study  of  differences  in  collective  bargaining,  relation¬ 
ships  among  firms  in  the  automotive  industry.  Consideration  is  given  to  local 
negotiations,  local  agreements,  and  preparation  of  management’s  position 
at  the  second  and  third  steps  of  the  grievance  procedures,  as  well  as  for  ar¬ 
gument  before  the  umpire.  Also,  a  comparative  analysis  of  labor  relations  in 
selected  foreign  countries  is  required.  Prerequisite:  M  31 ,  Labor  Relations. 

1 81 .  PERSUASION  AND  ATTITUDE  CHANGE  (2) 

Major  theories,  techniques,  assumptions,  and  research  findings  in  the  area 
of  persuasion  and  attitude  change  are  presented. 

1 82.  ANALYSIS  OF  ORGANIZATIONAL  STRUCTURES  (2) 

The  theories  and  practices  of  Organizational  Design  and  Analysis.  Topics 
covered  include:  the  analysis  of  the  organization,  organizational  structure, 
controlling  the  industrial  enterprise,  organizational  change,  and  the  meas¬ 
urement  and  evaluation  of  organizational  effectiveness. 

1 83.  PERSONNEL  SUBSYSTEMS  (2) 

The  planning  and  preparation  for  personnel  selection,  training,  and  evalua¬ 

tion  as  part  of  the  system-development  process.  Includes  the  study  of  per¬ 
sonnel  requirements,  personnel  selection,  the  development  of  training 
equipment  and  programs,  the  preparation  of  job  performance  aids  and  the 
test  and  evaluation  of  personnel  subsystems. 

1 85.  ENGINEERING  AND  MANAGERIAL  USES  OF  ACCOUNTING  (2) 

A  study  of  the  use  of  accounting  information  by  management. 

200.  ELECTROCHEMISTRY  (2) 

Electrochemical  energy  conversion,  corrosion,  desalination  and  solid  state 
electrochemistry.  For  all  engineering  disciplines. 
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MODERN  ATOMIC  THEORY  AND  ENGINEERING  APPLICATIONS  (2) 

A  survey  °f  the  modern  theory  of  the  nature  of  atoms,  molecules  and  nuclei. 
An  introduction  to  quantization  and  atomic  spectra.  Applications  to  X-rays 

lasers,  superconductivity.  Satisfies  one  physical  science  requirement  for 
electrical  engineers. 


205.  PLASMA  PHYSICS  AND  CONTROLLED  THERMONUCLEAR  FUSION 

Basic  relationships  and  experimental  techniques  are  emphasized. 

21 0.  BIOENGINEERING  I  —  PHYSIOLOGICAL  SYSTEMS  (2) 

A  quantitative  approach  to  the  structure  and  function  of  mammalian  svs 

tome  j 


21 1 .  BIOENGINEERING  II  —  PHYSIOLOGICAL  SYSTEMS 

MEASUREMENTS  AND  MODELING  (2) 

Experimental  techniques  of  investigation  with  emphasis  on  instruments  and 
modeling. 

212.  BIOENGINEERING  III  —  PHYSIOLOGICAL  SYSTEMS 

MEASUREMENTS  AND  MODELING  (2) 
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ELECTRICAL  ENGINEERING  AND  COMPUTER  SCIENCE 


Shu-Park  Chan,  Ph.D.,  Chairman 
Professors:  Shu-Park  Chan,  Timothy  J.  Healy,  Dragoslav  Siljak 
Associate  Professors:  Henry  P.  Nettesheim,  Jack  A.  Peterson, 

Raymond  B.  Yarbrough 

Assistant  Professors:  William  R.  Dunn,  Jr.,  Daniel  W.  Lewis,  Ronald  L.  Danielson 

Lecturers:  Russell  Apfel,  Jack  C.  Armstrong,  Hal  T.  Barraclough,  Yaakov  Bar-Shalom, 
John  D.  Bruce,  George  S.  Cohen,  Conrad  J.  Dell’Oca,  Michael  P.  Eckstrom,  Peter  E. 
Gise,  Allen  W.  Hathaway,  Jan  A.  Janku,  William  P.  Jones,  Michael  A.  Kelly,  Glen  G. 
Langdon,  Donald  P.  Leach,  Tuk-Hop  Lee,  Charles  T.  Leis,  Adam  Lender,  Robert  N. 
Linebarger,  Stephen  Ludvik,  Dale  R.  Lumb,  David  T.  Magill,  James  McClure,  Evan 
Moustakas,  Enjeti  S.  Murthi,  Gust  Perlegos,  Raymond  Pietila,  Howard  T.  Russell,  Nello 
Sevastopoulos,  Donatd  Slutz,  Edward  H.  Snow,  George  J.  Thaler,  David  Van  Voorhis, 
Charles  S.  Weaver,  Al  Weissberger,  Charles  Wojslaw,  Stanley  Zaffos 

1 5  INTRODUCTION  TO  COMPUTER  SCIENCE 

Discussion  of  data  structures  (arrays,  trees,  lists,  etc.)  and  algorithms 
(searching,  sorting),  and  the  implementation  of  both  using  high-level  pro¬ 
gramming  languages.  Procedures,  scope  of  variables;  use  of  iteration  and 
recursion;  techniques  for  structured  programming.  The  principal  languages 
used  are  ALGOL  and  SNOBOL.  Prerequisite:  E  3  or  equivalent. 

22.  MACHINE  ORGANIZATION  AND  PROGRAMMING 

Assembly  Language  programming.  Introduction  to  computer  architecture: 
number  systems  and  representation,  memory  organization,  computer  organ¬ 
ization;  computer  arithmetic;  input/output.  Impact  of  computer  hardware  or 
software.  Introduction  to  assembler  techniques.  Prerequisite:  15. 


1 04.  ELECTROMAGNETIC  FIELDS 

Study  of  static  and  dynamic  electric  and  magnetic  fields.  Dielectric  and  mag¬ 
netic  material  properties.  Maxwell’s  equations.  Plane  electromagnetic 
waves.  Prerequisite:  101. 


1 05.  ELECTROMAGNETIC  WAVES 

The  continuation  of  104.  The  propagation  of  waves  as  governed  by  Max¬ 
well’s  equations  are  studies.  Wave  penetration,  fundamental  wave  guides 
and  antennas  are  included.  Prerequisite:  104. 


108.  MICROWAVE  THEORY  AND  TECHNIQUES 

A  combined  lecture  and  laboratory  course  covering  generation,  propaga¬ 
tion,  and  detection  of  microwave  energy.  Experiments  on  klystrons,  impe¬ 
dance  measurements,  antenna  radiation  patterns,  and  the  characteristics  of 
passive  microwave  devices.  Laboratory.  Prerequisite:  104. 
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111.  MATRIX  ANALYSIS  OF  NETWORKS  AND  SYSTEMS 

Review  of  Matrix  algebra,  elementary  network  topology,  matrix  formulation 
of  system  equations,  network  theorems,  Laplace  transform  techniques,  sinu¬ 
soidal  steady-state  analysis,  frequency  response  plots,  two-port  network 
theory,  active  two-port  devices,  state-space  analysis  methods,  computer- 
aided  analysis.  Prerequisite:  1 01 . 

1 1 2.  MODERN  NETWORK  SYNTHESIS  AND  DESIGN 

Design  of  linear  and  non-linear  operational  amplifier  circuits.  Approximation. 
Synthesis  of  passive  1  -ports  and  2-ports.  RC  active  filter  design.  Introduction 
to  Linear  ICs:  PLL  and  waveform  generators.  Design  Project.  Prerequisite: 
111. 


121.  DIGIAL  SYSTEM  DESIGN  AND  ANALYSIS 

Basic  switching  concepts.  The  concept  of  logical  signals.  Survey  of  digital 
logic  circuits  including  MSI  circuits.  Number  systems.  Digital  representation 
of  information.  Boolean  algebra.  Switching  network  description.  Introduction 
to  digital  computer  organization.  Prerequisites:  1 02. 

122.  COMPUTER  SYSTEM  ORGANIZATION  AND  DESIGN 

Integrating  large  numbers  of  digital  modules  into  a  complete  automatic  com¬ 
puting  system.  Magnetic  core  and  LSI  semiconductor  memory  systems. 
Hardware  sequences;  microprogramming  approaches.  Input/output  subsys¬ 
tem  organization  and  management;  interrupt-driven  and  DMA  transfers.  Pre¬ 
requisites:  22  and  121 . 

1 23.  THEORY  AND  TRANSLATION  OF  COMPUTER  LANGUAGES 

The  theory  and  detailed  characteristics  of  high-level  languages  to  facilitate 
man-computer  communications.  Assembler  algorithms;  associated  proce¬ 
dures  for  symbol  table  management  and  look-up,  memory  allocation,  syn- 
tectic  and  semantic  analysis,  and  code  generation.  Theory  of  formal  lan¬ 
guages.  Prerequisite:  22. 

1 24.  INTRODUCTION  TO  MICROPROCESSORS 

Overview  of  microprocessor  organization.  Hardware/Software  tradeoffs.  I/O 
subsystem  implementation;  Interrupt  techniques;  interfacing  keyboards,  dis¬ 
plays  and  memories.  Microprocessor  software  development.  Survey  of  cur¬ 
rently  available  microprocessors.  Prerequisites:  022  and  122. 

1 31 .  CONTROL  SYSTEMS  I 

Detailed  considerations  of  the  mathematical  theory  of  linear  feedback  con¬ 
trol  systems.  Topics  include:  Transfer  functions,  relation  between  time  and 
frequency  domain  characteristics;  analysis  and  design,  using  root  locus 
concepts  and  frequency  response  plots;  performance  criteria  and  sensitivity; 
stability.  Laboratory.  Prerequisites:  Applied  Mathematics  106,  E  101 . 
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132.  CONTROL  SYSTEMS  II  (2) 

Continuation  of  131.  Controllability  and  observability.  Stabilization  by  state 
variable  feedback.  Optimal  linear  regulator.  Prerequisite:  131. 

141.  COMMUNICATIONS  SYSTEMS 

Signal  description.  Fourier  transforms,  filtering,  Hilbert  transforms,  noise  de¬ 
scription,  linear  modulation  and  demodulation,  exponential  modulation  and 
demodulation,  pulse  modulation,  information  theory.  Prerequisite:  151 . 

151.  ELECTRONICS  I 

Electron  ballistics,  emission  theory,  semiconductor  theory.  Extension  of  the 
study  of  electronic  amplifiers  to  include  wideband  and  radio  frequency  am¬ 
plifiers,  and  the  principles  and  applications  of  feedback.  Laboratory.  Prereq¬ 
uisites:  E  102,  EECS  111. 

r 

152.  ELECTRONICS  II 

Continuation  of  151  to  develop  features  of  high-frequency  power  amplifiers, 
oscillators,  modulation  systems.  Communications  systems.  Introduction  to 
nonlinear  electronic  circuits.  Laboratory.  Prerequisite:  151 . 

153.  ELECTRONICS  III 

Survey  of  integrated  circuit  processes;  integrated  components.  Monolithic 
linear  and  digital  integrated  circuit  analysis  and  design.  Prerequisite:  1 52. 

1 61 .  ELECTROMECHANICAL  ENERGY  CONVERSION 

Introduction  to  energy  conversion  equations  and  applications  to  tranducers, 
rotating  amplifiers.  Machine  dynamics,  transfer  function  realization,  and 
modeling  of  physical  electromechanical  systems.  Laboratory.  Prerequisite:  E 
103. 

1 62.  ELECTRIC  POWER  SYSTEMS  (2) 

A  study  of  systems  which  transmit  electric  energy  from  the  point  of  genera¬ 
tion  to  the  point  of  use.  Three  phase  systems.  Faults.  Reliability.  Load  flows. 

190.  UNDERGRADUATE  RESEARCH. 

Open  to  Departmental  Scholars  only. 

198.  SENIOR  THESIS  AND  SEMINAR 

Investigation  of  an  approved  electrical  engineering  problem  and  preparation 
of  suitable  thesis  covering  the  investigation.  Meetings  with  faculty  advisor  as 
required.  The  student  presents  results  of  his/her  theses  work  at  a  Senior 
Thesis  Conference  normally  held  at  the  outset  of  the  Spring  term. 

199.  INDEPENDENT  STUDY 

Open  to  Departmental  Scholars  only. 
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200.  ELECTRICAL  ENGINEERING  AND  COMPUTER  SCIENCE  GRADUATE 

SEMINARS  (1-2) 

Regularly  scheduled  seminars  on  topics  of  current  interest  in  the  fields  of 
electrical  engineering  and  computer  science  (1  to  2  units).  Consult  Depart¬ 
ment  office  for  detailed  information. 

201 .  ELECTROMAGNETIC  FIELD  THEORY  I  (2) 

Time-varying  electromagnetic  field  concepts  starting  with  Maxwell’s  equa¬ 
tions.  Use  of  electric  and  magnetic  vector  potentials.  Field  theorems.  Reflec¬ 
tions  and  refraction  of  plane  waves  at  interfaces.  Rectangular  wave  guides 
and  resonators.  Boundary  value  problems  in  cartesian  coordinates.  Prereq¬ 
uisite:  104. 

202.  ELECTROMAGNETIC  FIELD  THEORY  II  (2) 

Cylindrical  and  spherical  wave  functions.  Circular  wave  guides  and  resona¬ 
tors.  Spherical  cavities.  Boundary  value  problems  in  cylindrical  and  spheri¬ 
cal  coordinates.  Prerequisite:  201 . 

203.  MICROWAVE  NETWORKS  I  (2) 

General  transmission  line  theory.  Smith  Chart  and  impedance  matching 
techniques.  Maximally  flat  and  Chebyshev  stepped  and  tapered  impedance 
transformers.  Scattering,  transfer,  impedance,  and  ABCD  matrix  representa¬ 
tions  of  microwave  networks.  Microwave  network  theorems.  Prerequisite: 
201. 

204.  MICROWAVE  NETWORKS  II  (2) 

Passive  microwave  component  analysis  and  design  with  an  emphasis  on 
strip  line  techniques.  Both  narrow  and  broadband  devices  to  include  power 
dividers,  couplers,  hybrids,  filters,  and  transformers.  Design  techniques  of 
integrated  microwave  networks.  Prerequisite:  203. 

205.  ACTIVE  MICROWAVE  DEVICES  (2) 

Wave  interaction  in  various  active  media.  Space  charge  waves  and  cyclotron 
waves  in  electron  beams.  Coupled  mode  theory  as  applied  to  travelling  wave 
tube  and  parametric  amplifiers.  Prerequisite:  201 . 

206.  ANTENNAS  I  (2) 

Introductory  antennas.  Fundamentals  of  radiation,  patterns,  directivity,  gain, 
apertures  and  linear  radiators.  Theory  of  phased  arrays.  Systems  aspect  of 
antennas  used  in  communications  and  radar.  Prerequisite:  201 . 

207.  ANTENNAS  II  (2) 

Continuation  of  206.  Analysis  and  design  of  frequency  independent  anten¬ 
nas,  reflector  and  aperture  antennas  to  include  radiating  slots  and  horns.  In¬ 
troduction  to  the  method  of  moments  for  analyzing  linear  radiators  using  nu¬ 
merical  methods.  Prerequisite:  206. 
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208.  INTRODUCTION  TO  MASERS  AND  LASERS  (2) 

An  introduction  to  the  principles  of  maser  and  laser  operation  based  on  clas¬ 
sical  concepts  and  electrical  engineering  analogies.  Consideration  of  the 
maser  and  laser  as  practical  electronic  devices  and  their  applications.  Prere- 
quisties:  201  and  Physics  155-156. 

209.  TOPICS  IN  ELECTROMAGNETIC  FIELD  THEORY  (2) 

21 0.  INTRODUCTION  TO  MODERN  NETWORK  ANALYSIS  (2) 

An  introduction  to  modern  network  analysis  techniques:  fundamental  laws, 
basic  passive  and  active  network  elements,  loop-  and  cutset-  (node-)  analy¬ 
sis  matrix  equations  for  linear  RLCM  networks,  solution  to  first-  and  second- 
order  networks  in  both  time  and  frequency  domains.  This  course  may  not  be 
taken  for  credit  by  a  student  with  an  undergraduate  degree  in  electrical  engi¬ 
neering. 

21 1 .  MODERN  NETWORK  ANALYSIS  I  (2) 

A  study  of  network  theory  from  modern  points  of  view.  A  unified  presentation 
of  the  formulation  of  network  equations  using  the  matrix  approach.  Interrela¬ 
tionships  of  the  loop  equations,  cutset  equations,  and  state  equations. 
Proofs  and  applications  of  network  theorems.  Prerequisite:  111. 

212.  MODERN  NETWORK  ANALYSIS  II  (2) 

Continuation  of  21 1 .  Frequency  analysis  of  excitation  and  response;  study 
of  network  responses  using  Laplace  transform  methods  and  superposition 
integral,  two-port  networks  and  their  properties;  device  and  parameters,  in¬ 
terconnections  of  two-ports.  N-ports  and  n-terminal  networks.  State  variable 
techniques.  Prerequisite:  21 1 . 

213.  LINEAR  SYSTEM  ANALYSIS  (2) 

Mathematical  methods  in  the  analysis  and  design  of  linear  systems,  network 
modeling  of  devices  and  systems,  system  simulation,  system  response  via 
transfer  functions  and  state  variables,  stability  problems,  discrete  time  sys¬ 
tems,  controllability,  observability,  and  optimization.  Prerequisite:  21 1 . 

214.  TOPOLOGICAL  STUDY  OF  LINEAR  NETWORKS  (2) 

Topological  analysis  of  passive  and  active  linear  networks:  planarity  and  du¬ 
ality,  passive  one-ports  and  two-ports,  flowgraph  techniques,  analysis  of  ac¬ 
tive  linear  networks,  applications  to  switching  networks.  Introduction  to 
,  topological  synthesis  and  other  applications.  Prerequisite:  21 1 . 

21 5.  NETWORK  SYNTHESIS  I  (2) 

Input  immittance  properties.  Positive  real  functions.  Synthesis  of  two- 
element  kind  and  RLC  one-ports.  Synthesis  of  transfer  functions.  Properties 
of  second-order  systems.  Introduction  to  the  ideal  operational  amplifier.  Sec¬ 
ond-order  low-pass  networks.  Prerequisites:  21 1-212. 
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21 6.  NETWORK  SYNTHESIS  II  (2) 

Continuation  of  215.  Second-order  band-pass  and  high-pass  networks. 
Magnitude  and  phase  functions.  Approximations.  Low-pass,  band-pass,  and 
high-pass  passive  and  active  realizations.  Prerequisite:  215. 

21 7.  OPERATIONAL  AMPLIFIER  NETWORKS  (2) 

Ideal  operational  amplifier.  Analysis  of  operational  amplifier  networks.  Linear 
and  non-linear  operational  amplifier  applications.  Design  of  active  RC  cir¬ 
cuits.  Practical  limitations  of  the  operational  amplifier.  Prerequisites:  211- 
212. 

218.  COMPUTER-AIDED  CIRCUIT  ANALYSIS  AND  OPTIMIZATION  (2) 

A  survey  of  modern  computer  techniques  for  the  analysis  of  linear  and  non¬ 
linear  general  networks.  Numerical  and  symbolic  methods,  tolerance  analy¬ 
sis,  and  optimization.  Prerequisites:  212,  213,  or  214  and  computer  pro¬ 
gramming  knowledge. 

219.  COMPUTER-AIDED  INTEGRATED  CIRCUIT  DESIGN  (2) 

(Device  modeling  with  emphasis  on  features  and  constraints  of  integrated 
circuit  design.  Computer  assisted  designs  including  Schottky  clamped  TTL 
and  n-channel  MOS  circuits.  Prereq.:  21 1  and  265  or  familiarity  with  bipolar 
or  MOS  transistors. 

220.  OPERATIONAL  AMPLIFIER  APPLICATIONS  (2) 

Mathematics  of  a  basic  operational-amplifier  circuits.  Applications  in  nonli¬ 
near  circuits.  Broadbanding.  Data  acquisition  systems.  Sample  and  hold  cir¬ 
cuits.  Single-  and  multiple-amplifier  active  filters.  Modeling.  Prerequisites: 
21 7  and  131. 

229.  TOPICS  IN  NETWORK  THEORY  (2) 

230.  INTRODUCTION  TO  CONTROL  SYSTEMS  (2) 

An  introductory  presentation  of  state  space  theory  of  linear  systems.  Modern 
description  by  matrices  and  vectors.  Relationship  of  the  modern  state  space 
representation  to  classical  transfer  function  description  of  dynamic  systems. 
State-variable  feedback.  Stability  (Routh-Hurwitz,  Nyquist).  Design  (Bode 
diagrams,  Root-Locus).  This  course  may  not  be  taken  for  credit  by  a  student 
with  an  undergraduate  degree  in  electrical  engineering.  Prerequisite:  AM  106 
and  AM  145. 

231 .  DESIGN  OF  FEEDBACK  CONTROL  SYSTEMS  (2) 

Design  of  linear,  continuous  control  systems  utilizing  techniques  of  the  fre¬ 
quency  response  method,  root-locus,  and  parameter  plane  method.  Time 
and  frequency  response  correlation  and  steady-state  analysis.  Prerequisite: 
131. 
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232.  INTRODUCTION  TO  NONLINEAR  SYSTEM  (2) 

Graphical  analysis  of  nonlinear  systems — phase  plane.  Basic  nonlinear  phe¬ 
nomena.  Linearization.  Limit  cycles  and  frequency  analysis  by  the  describ¬ 
ing  function  method.  Stability  in  the  sense  of  Liapunov.  Absolute  stability 
and  Popov’s  method. 

233.  INTRODUCTION  TO  DISCRETE  SYSTEMS  (2) 

Description  of  discrete  signals  and  sampler  operation.  Linear  system  analy¬ 
sis  by  Z-transform  and  state  space  techniques.  Digital  filtering.  Prerequisite: 
131. 

234.  DISCRETE  SYSTEM  ANALYSIS  AND  DESIGN  (2) 

Continuation  of  233.  Design  of  digital  filters  and  control  systems.  Quantiza¬ 
tion  effects.  Discrete  Fourier  Transform.  Nonlinear  Systems.  Stability.  Pre¬ 
requisite:  233. 

235.  ESTIMATION  AND  IDENTIFICATION  (2) 

Gaussian  random  variables.  Maximum  likelihood  and  Bayesian  estimation. 
Least  squares  estimation.  Optional  linear  filter  (Kalman  filter).  System  identi¬ 
fication.  Prerequisites:  236  and  AM  111. 

236.  INTRODUCTION  TO  STATE  SPACE  ANALYSIS  (2) 

Concept  of  state  vector  equations.  Complete  solution  of  linear  vector  equa¬ 
tions.  Controllability  and  observability.  Stability  and  sensitivity.  Optimality. 
Prerequisites:  131  and  AM  146. 

237.  INTRODUCTION  TO  OPTIMAL  SYSTEMS  (2) 

Variational  calculus  and  optimal  control.  Euler-Lagrange  equations.  Pon- 
tryagin’s  maximum  principle.  Bellman’s  dynamic  programming.  Linear  regu¬ 
lator  problem.  Time-optimal  control.  Prerequisite:  236. 

238.  OPTIMIZATION  TECHNIQUES  (2) 

Numerical  techniques  for  optimization.  Mathematical  programming:  linear, 
quadratic,  nonlinear.  Iterative  techniques:  gradient,  Newton,  dynamic  pro¬ 
gramming.  Prerequisite:  237. 

239.  TOPICS  IN  SYSTEM  THEORY  (2) 

241 .  THEORY  OF  COMMUNICATION  I  (2) 

A  general  introduction  to  communication  theory.  Fourier  series  and  trans¬ 
forms.  Linear  systems.  Amplitude  and  frequency  modulation.  Elementary 
concepts  in  probability  theory.  Prerequisite:  1 51 . 

242.  THEORY  OF  COMMUNICATION  II  (2) 

Continuation  of  241 .  Random  signals.  Noise  in  modulation  systems.  Pulse 
modulation.  Data  transmission.  Optimum  receivers.  Prerequisite:  241. 
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243.  INFORMATION  THEORY  I  (2) 

An  introduction  to  the  fundamental  concepts  of  information  theory.  Source 
coding.  The  discrete  channel  without  memory.  Prerequisites:  241  and  AM 
111. 

244.  INFORMATION  THEORY  II  (2) 

Continuation  of  243.  Cyclic  codes.  Models  for  information  sources.  The  dis¬ 
crete  channel  with  memory.  The  continuous  channel.  Prerequisite:  243. 

245.  SIGNAL  DETECTION  THEORY  (2) 

Signal  detection  in  a  noisy  environment.  Decision  criteria.  Hypothesis  test¬ 
ing.  Parameter  estimation.  Prerequisites:  242  and  AM  262. 

246.  COHERENT  COMMUNICATION  THEORY  (2) 

The  use  of  phase-locked  loops  in  coherent  communication  systems.  Modu¬ 
lation  schemes.  Uncoded  and  coded  systems.  Prerequisites:  242  and  AM 
262. 

247.  EXPONENTIAL  MODULATION  (2) 

Frequency  and  phase  modulation.  Spectra.  Noise  in  FM.  Pre-emphasis- 
deemphasis.  Threshold  deffects.  Spikes.  Threshold  improvement  using  PLL 
and  FMFB.  Prerequisite:  242. 

248.  PULSE  MODULATION  (2) 

The  sampling  principle.  Pulse  modulation  techniques.  Pulse  code  modula¬ 
tion.  Differential  PCM.  Delta  modulation.  Correlative  techniques.  Channels. 
Prerequisite:  242. 

249.  TOPICS  IN  COMMUNICATION  THEORY  (2) 

250.  ELECTRONICS  (2) 

A  basic  survey  course  in  electronics:  Review  of  cirucit  theory;  discussion  of 
electronic  modes  of  operation — digital  and  analog;  semiconductor  theory; 
PN  junction;  electronic  switches  and  applications;  analog  devices  and  appli¬ 
cations — bipolar  transistors,  elementary  differential  amplifiers,  operational 
amplifiers,  active  fillers.  This  course  may  not  be  taken  for  credit  by  a  student 
with  an  undergraduate  degree  in  electrical  engineering.  Prerequisite:  210. 

251 .  FUNDAMENTALS  OF  TRANSISTORS  AND  CIRCUITS  (2) 

Physics  of  transistors,  equivalent  circuits,  simple  amplifiers.  Prerequisite: 
152. 

252.  TRANSISTOR  CIRCUIT  DESIGN  (2) 

Stability,  biasing  problems,  low-frequency  response,  feedback,  D.C.  amplifi¬ 
ers,  power  amplifiers,  and  power  supplies.  Prerequisite:  251 . 
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253.  HIGH-FREQUENCY  TRANSISTOR  CIRCUITS  (2) 

High-frequency  equivalent  circuits,  neutralization,  tuned  amplifiers  (signal), 
tuned  amplifiers  (power),  switching  characteristics,  noise  problems.  Prereq¬ 
uisite:  252. 

254.  ELECTRONIC  SYSTEM  ANALYSIS  AND  DESIGN  I  (2) 

Two-port  methods  of  feedback  amplifier  analysis.  Models  for  return-ratio  and 
forward  gain  calculations.  Sensitivity  analysis.  Stability  in  frequency  and  time 
domains.  Compensation  for  maximally  flat  gain  magnitude.  Prerequisite: 
253. 

255.  ELECTRONIC  SYSTEM  ANALYSIS  AND  DESIGN  II  (2) 

Review  of  change-storage  and  Ebers-Moll  models  for  BJT’S.  Development  of 
other  models  for  semi-conductor  devices.  Introduction  to  process-oriented 
models.  Prerequisite:  251 . 

256.  ELECTRONIC  SYSTEM  ANALYSIS  AND  DESIGN  III  (2) 

Two-part  scattering  parameter  models.  Stability  and  alignability  of  tuned  and 
wideband  filter  design  in  transformed  frequency  variables.  Transit-time  mode 
of  oscillations.  Class  C  bipolar  amplifiers.  Intermodulation  distortion.  Prereq¬ 
uisite:  254. 

257.  FILTER  THEORY  I  (2) 

A  development  of  the  basic  principles  of  low-pass  passive  filter  networks. 
Considers  maximally  flat,  Butterworth,  and  Chebychev  responses.  Develops 
synthesis  procedures.  Prerequisites:  1 1 1  and  AM  1 35. 

258.  FILTER  THEORY  II  (2) 

Extends  the  developments  of  Filter  Theory  I  to  include  band  pass  filters, 
impedence  transformers,  coupled  resonators,  and  time  response.  Prerequi¬ 
site:  257. 

259.  TOPICS  IN  ELECTRONIC  CIRCUITS  (2) 

264.  SEMICONDUCTOR  DEVICE  THEORY  I  (2) 

The  physics  of  semiconductor  materials,  junctions  and  contacts  is  devel¬ 
oped  as  a  basis  for  understanding  all  types  of  semiconductor  devices.  Pre¬ 
requisites:  A  course  in  modern  physics  and  a  senior  level  course  in  transistor 
electronics. 

265.  SEMICONDUCTOR  DEVICE  THEORY  II  (2) 

A  continuation  of  264  including  bipolar  transistors,  MOS  and  junction  field- 
effect  transistors,  and  semiconductor  surface  phenomena.  Prerequisite: 
264. 
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266.  INTEGRATED  CIRCUIT  DESIGN  I  (2) 

Survey  of  monolithic  processes  and  integrated  components.  Integrated  de¬ 
sign  techniques  and  examples  of  linear  and  digital  circuits.  The  course  fo¬ 
cuses  on  major  design  ideas  and  the  differences  between  discrete  and  inte¬ 
grated  circuit  design,  rather  than  detailed  circuit  analysis.  Prerequisites:  252, 
264. 

267.  INTEGRATED  CIRCUIT  DESIGN  II  (2) 

Linear  and  digital  integrated  circuit  analysis  and  design.  L.S.I.,  M.S.I.  memo¬ 
ries.  Computer-aided  analysis.  Prerequisite:  266. 

268.  THEORY  AND  APPLICATIONS  OF  DIGITAL  INTEGRATED  CIRCUITS 

(2) 

Monolithic  integrated  circuits  fabrication  technique.  Characteristics  and 
properties  of  RTL,  DTL,  TTL,  CTL,  CML,  MOS  and  threshold  ligic. 

269.  TOPICS  IN  SEMICONDUCTORS  AND  SEMICONDUCTOR 

TECHNOLOGY  (2) 

274.  SILICON  PROCESSING  I  (2) 

Basic  material  properties,  crystal  structure  and  defects,  crystal  growth, 
homo  and  hetero  epitaxy,  oxidation,  diffusion  and  ion  implantation,  chemical 
and  electrochemical  processes,  thin  film  (metal  and  dielectric)  processes, 
photolithographic  process  and  evaluation  methods  used  in  these  processes. 
Prerequisite:  264. 

275.  SILICON  PROCESSING  II  (2) 

Continuation  of  274.  Silicon  monolithic  technologies.  Fabrication  methods  of 
basic  passive  and  active,  bipolar  and  field  effect  circuit  components  and 
their  characteristics.  Methods  and  processes  used  for  component  isolation 
and  fabrication  of  integrated  circuits.  Methods  of  process  control  and  spe¬ 
cial  topics  related  to  reliability.  Prerequisite:  274. 

276.  HYBRID  PROCESSING 

Materials  and  processes  for  thin  and  thick  film  hybrid  circuits  and  systems. 
Packaging  materials  and  methods.  Prerequisite:  264. 

279.  TOPICS  IN  SEMICONDUCTOR  CIRCUITS  (2) 

280.  POWER  TRANSMISSION  SYSTEM  (2) 

Calculation  of  transmission  line  parameters.  Sequence  impedances,  bun¬ 
dled  conductors,  multiplex  calculations.  Introduction  to  EHV  systems,  AC 
and  DC  operation.  Switching  transients  and  voltage  recovery. 

281 .  COMPUTER  ANALYSIS  OF  POWER  NETWORKS  I  (2) 

Introduction  to  network  topology.  Matrix  algebra,  Incidence  matrices.  Devel¬ 
opment  of  Z-BUS,  Y-BUS,  Z-LOOP.  etc.,  by  singular  and  nonsingular  tran- 
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formations.  Three  phase  analysis  including  symmetrical  and  Clark’s  compo¬ 
nents.  Short  circuit  studies  and  relaying. 

282.  COMPUTER  ANALYSIS  OF  POWER  NETWORKS  II  (2) 

Numerical  analysis,  load  flow  studies,  load  representation,  transformer  mod¬ 
eling.  Development  of  reduction  techniques  including  triangularization  and 
diakoptics.  Network  equivalents.  Prerequisite:  281 . 

283.  POWER  SYSTEM  CONTROL  I  (2) 

Concepts  of  modern  control  theory  applied  to  theory  of  eigenvalue  sensitiv¬ 
ity  analysis;  linear  analysis  of  load — frequency  control  of  power  systems. 
Prerequisite:  236. 

284.  POWER  SYSTEM  CONTROL  II  (2) 

A  general  formulation  of  the  economic  dispatch  problem  based  on  the  La¬ 
grange  Multipliers  approach. 

285.  ELECTROMECHANICAL  ROTATING  DEVICE  THEORY  (2) 

Introduction  to  mechanical  and  electrical  dynamics  of  synchronous  ma¬ 
chines.  Excitation  system  and  modeling  of  d.c.  machines.  Induction  motor 
transients.  A  general  formulation  of  the  economic  dispatch  problem  based 
on  the  Lagrange  Multipliers  approach. 

286.  POWER  SYSTEM  STABILITY  (2) 

Modeling  of  fossil-fuel,  nuclear  and  water  wheel  power  plants.  Excitation 
systems  and  controls.  Two  machine  stability,  equal  area  criterion  and  swing 
equations.  Large  system  dynamics,  mechanical  and  electrical  transients. 
Prerequisite:  285. 

287.  DISTRIBUTION  SYSTEM  PLANNING  (2) 

Planning  techniques  as  applied  to  electrical  utility  distribution  planning.  Ana¬ 
lytical  techniques  and  computer  applications.  Load  forecasting,  economic 
sizing  of  substations,  economics  conductor  sizing.  Voltage  control  by  reac¬ 
tor  and  capacitor  methods.  Optimum  placement  of  capacitor  on  radial  feed¬ 
ers.  Power  factor  correction.  Transformer  management. 

288.  POWER  SYSTEMS  SEMINARS  (2) 

289.  TOPICS  IN  POWER  SYSTEMS  (2) 

299.  ELECTRICAL  ENGINEERING  PROBLEMS  (2-4) 

Special  Electrical  Engineering  problems.  By  arrangement. 

300.  THESIS  RESEARCH  (3-9) 

Electrical  Engineering  research  conducted  under  the  supervision  of  a  faculty 
advisor.  Preparation  of  a  suitable  written  thesis  covering  the  investigation. 
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301 .  INTRODUCTION  TO  PROGRAMMING  (2) 

Elements  of  computer  systems;  algorithmic  solution  of  problems;  flowcharts; 
programming  in  block  structured,  ALGOL-like  programming  languages;  pro¬ 
cedures;  local  and  global  variables;  call  by  name,  call  by  value;  introduction 
to  top-down  and  bottom-up  structured  programming.  Programs  will  be  writ¬ 
ten  and  run  on  the  computer. 

302.  INTRODUCTION  TO  DIGITAL  SYSTEMS  (2) 

Information  representations  in  digital  systems:  BCD  codes,  gray  codes, 
codes  for  non-numeric  processing;  number  systems:  binary,  octal,  hexade¬ 
cimal;  fixed  and  floating-ooint  numbers;  arithmetic  in  two’s  complement, 
one’s  complement,  and  decimal  signed  number  systems.  Boolean  algebra, 
switching  functions,  truth  tables  and  identities.  Analysis  of  combinational 
and  sequential  logic  circuits;  functional  types  of  gates  and  flip-flops,  mini¬ 
mization  of  switching  functions. 

305.  THEORY  AND  PRACTICE  OF  COMBINATIONAL  LOGIC  (2) 

Canonical  expressions  for  switching  functions.  Design  of  combinational 
logic  circuits.  Techniques  for  the  minimization  of  switching  functions.  Spe¬ 
cial  considerations  for  multiple-output  circuits.  Bridging  from  exclusive  or 
and  majority  gates.  Dot  AND/OR’ing  with  open  collection  devices;  tri-state 
buses.  Fan-in,  fan-out.  Impact  of  MSI  and  LSI;  implementation  alternatives 
using  data  selectors,  ROM’s,  and  PLA’s.  Design  of  and  with  adders,  carry- 
look-ahead,  decoders,  encoders,  multiplexers,  data  selectors,  etc.  Worst- 
case  propagation  delays  and  noise  immunity.  This  course  will  include  take 
home  laboratory  assignments  using  standard  logic  devices.  Prerequisite: 
302. 

306.  THEORY  AND  PRACTICE  OF  SEQUENTIAL  LOGIC  (2) 

Sequential  switching  network  analysis  and  synthesis.  Mealy  and  Moore  mod¬ 
els  of  sequential  machines.  State  assignment  and  state  equivalence.  Flip-flop 
functional  types  and  derivation  of  excitation  functions;  latches,  master-slave, 
and  edge-triggered  implementations;  direct  setting  and  resetting  of  flip-flops; 
set-up  and  release  times;  minimum  clock  pulse  widths,  maximum  clock  rate 
and  skew.  Race  conditions;  analysis  and  control  of  static,  dynamic  and  es¬ 
sential  hazards.  Design  of  shift  registers,  counters,  scalers,  and  serial  arith¬ 
metic  units.  This  course  will  include  take-home  laboratory  assignments  using 
standard  logic  devices.  Prerequisite:  305. 

307.  DIGITAL  COMPUTER  ORGANIZATION  AND  IMPLEMENTATION  (2) 

Overview  of  major  subsystems  of  small  to  medium-scale  digital  computers. 
Machine  instruction  set  characteristics.  Typical  arithmetic  and  logic  unit 
functions,  register  data  flow  organization,  bussing  schemes,  and  their  imple¬ 
mentations.  Computer  memory  systems;  addressing  techniques.  Methods  of 
system  timing  and  control;  hardware  sequencers,  microprogramming.  Reg¬ 
ister  Transfer  language  and  microoperations.  I/O  subsystem  structure;  inter¬ 
rupts;  direct  memory  access  and  I/O  bus  interfacing  techniques.  This 
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course  will  include  a  detailed  computer  design  project.  Prerequisite:  306  and 

311. 


308.  DIGITAL  COMPUTER  ARCHITECTURE  AND  STRUCTURE  (2) 

Survey,  comparison,  and  contrasting  ot  the  architectures  and  structures  of 
existing  and  proposed  digital  computers.  Multiprocessing;  multiprogram¬ 
ming.  paging  and  segmentation  schemes;  level-structured  virtual  machine 
concepts.  Cache  memory  systems.  Impact  of  architecture/structure  on  soft¬ 
ware;  architectures/structures  for  special-purpose  systems.  Other  topics  of 
interest.  Prerequisite:  307. 

310.  MACHINE  INDEPENDENT  PROGRAMMING  (2) 

Machine  independent  programming  techniques.  Introduction  to  the  theory 
of  algorithms.  Data  structures:  stacks,  queues,  deques,  trees,  linked  lists.  In¬ 
ternal  sorting:  insertion,  exchange,  selection;  external  sorting.  Searching 
techniques;  sequential,  binary,  hashing.  Programs  will  be  written  and  run  on 
the  computer.  Prerequisite:  301  or  extensive  ALGOL  programming  experi¬ 
ence. 


31 1 .  MACHINE  DEPENDENT  PROGRAMMING  (2) 

Machine  dependent  programming  techniques.  Computer  architecture  for 
the  programmer.  Machine  and  assembler  language  programming;  Imple¬ 
mentation  of  data  structures,  program  linkage,  interfacing  ALGOL  and  as¬ 
sembly  language  programs  and  subroutines,  recursion  and  re-entrancy,  in¬ 
put-output  routines.  Impact  of  machine  architecture  on  software. 
Assemblers  and  interpreters.  High-level  languages  for  machine  dependent 
programming.  Programs  will  be  written  and  run  on  the  computer.  Prerequi¬ 
sites:  302  and  310. 


31 2.  THEORY  AND  DESIGN  OF  PROGRAMMING  LANGUAGES  (2) 

Programming  language  design  and  programming  language  processors.  For¬ 
mal  description  and  analysis  of  programming  languages:  BNF,  meta¬ 
languages.  Features  of  various  programming  languages,  areas  of  applicabil¬ 
ity,  problems  of  implementation.  Introduction  to  translator  methodology;  lan¬ 
guage  types  and  run-time  environments  required  for  each.  Programs  will  be 
written  and  run  on  the  computer.  Prerequisite:  31 1 . 

31 3.  THEORY  AND  DESIGN  OF  OPERATING  SYSTEMS  (2) 

Introduction  to  operating  system  theory.  Management  of  memory,  proc¬ 
essors,  and  other  system  resources;  deadlock  problems  and  avoidance. 
Process  interaction  and  communication.  Process  and  data  sharing  and  pro¬ 
tection.  Operating  system  implementation;  real-time  and  interactive,  single 
batch,  multi-programming,  and  multiprocessing  systems.  Brief  survey  of  cur¬ 
rently  used  operating  systems.  Programs  will  be  written  and  run  on  the  com¬ 
puter. 
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314.  DIGITAL  COMPUTER  ARITHMETIC  (2) 

A  comprehensive  study  of  advanced  techniques  for  use  in  digital  systems  re¬ 
quiring  performance  of  arithmetic  operations  with  emphasis  on  ultra-high¬ 
speed  “number-crunchers.”  Prerequisites:  308  and  31 1 .  Student  with  some 
background  in  LSI  are  especailly  welcome. 

31 5.  COMPUTATIONAL  LINGUISTICS  AND  TRANSLATOR-WRITING 

SYSTEMS  (2) 

Theory  and  practice  of  systems  designed  to  automate  the  construction  of 
compilers,  interpreters,  simulators,  and  other  translators  which  accept  a 
well-defined  language  or  sequence  of  signals.  Meta-compiler  implementa¬ 
tion.  Practical  considerations.  Potential  future  applications  for  translator  writ¬ 
ing  systems.  Prerequisites:  313  and  either  307  (preferred)  or  303. 

31 6.  ADVANCED  SWITCHING  AND  AUTOMATA  THEORY  (2) 

Special  classes  of  switching  functions.  Functional  decomposition.  Transition 
systems.  Regular  expressions  and  regular  machines.  Other  related  topics  of 
interest.  Prerequisite:  306  and  AMI  40  or  consent  of  instructor. 

317.  LSI  MEMORY  (2) 

Storage  characteristics  of  the  most  common  bipolar  and  MOS  memory  cir¬ 
cuits.  Relative  advantages  and  disadvantages  of  bipolar  and  MOS  memory 
circuits.  Organization  of  LSI  memory  components.  Characteristics  of  pres¬ 
ently  available  RAM,  ROM,  CAM  and  shift  register  LSI  memory  components. 
The  LSI  memory  market  and  economic  factors.  Prerequisite:  251  and  306. 

31 8.  MICROPROCESSOR  DESIGN  AND  APPLICATIONS  (2) 

Historical  background  of  microprocessors;  prospective  of  microprocessors 
relative  to  computers.  Overview  of  microprocessor  organization.  Control 
techniques.  Arithmetic  and  logic  unit  design.  I/O  susbystem  implementation. 
Microprocessor  firmwave  and  software  development.  Survey  of  currently 
available  microprocessor  systems  and  applications.  Study  of  microprocessor 
use  in  a  modern  scientific  calculator.  Discussion  of  future  trends.  Prerequi¬ 
sites:  307  and  31 1 ,  or  consent  of  instructor. 

319.  MICROPROGRAMMING  (2) 

Historical  review  of  computer  development  and  microprogramming.  General 
methods  for  control  of  digital  systems;  basic  principles  of  the  microprogram¬ 
ming  approach.  Applications  of  microprogramming.  Memory  technology. 
Design  aids  to  microprogramming.  Study  and  evaluation  of  a  micropro¬ 
grammed  computer.  Current  trends  in  microprogramming  research.  Prereq¬ 
uisites:  307  and  31 1  or  consent  of  instructor. 

320.  REAL-TIME  COMPUTATION  (2) 

Hardware  and  software  design  of  computer  systems  for  one-line  and  real¬ 
time  applications  in  digital  and  hybrid  computation.  Prerequisites:  307  and 
313. 
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321 .  COMPUTER  COMMUNICATION  (2) 

A  comprehensive  study  of  teleprocessing  systems.  Prerequisites:  342,  307, 
and  31 1 . 

322.  COMPUTER  GRAPHICS 

A  comprehensive  study  of  both  hardware  and  software  aspects  of  graphic 
input/output  systems  for  digital  computers.  Prerequisites:  307  and  31 1  or 
consent  of  the  instructor. 

323.  DESIGN  OF  RELIABLE  DIGITAL  SYSTEMS  (2) 

Hardware  and  Software  techniques  for  meeting  stringent  reliability  demands 
with  digital  equipment.  Digital  system  failure  modes  and  their  models  for 
combinational  and  sequential  circuits.  Fault  detection  and  diagnosis.  Hard¬ 
ware  redundancy  techniques.  Error-detecting  and  error-correcting  codes. 
Other  related  topics  of  interest.  Prerequisites:  307  or  consent  of  the  instruc¬ 
tor. 

r 

324.  PARALLEL  COMPUTATION  SYSTEMS  (2) 

Organization  and  architecture  of  systems  in  which  multiple  processors  are 
applied  to  the  execution  of  a  single  task.  Overview  of  the  general  design  of 
existing  parallel  computers.  Problems  of  programming  parallel  computers  ef¬ 
fectively  with  emphasis  on  methods  for  efficient  parallel  execution  of  se¬ 
quential  algorithims  and  on  the  implications  of  the  methods  for  computer  de¬ 
sign.  Prerequisites:  308  or  consent  of  instructor. 

325.  ANALOG  AND  HYBRID  COMPUTING  SYSTEMS  (3) 

Introduction  to  analog  computing  systems;  solution  of  linear  equations; 
representations  of  transfer  functions;  nonlinear  function  generation;  magni¬ 
tude  and  time  scaling;  advantages  and  limitations  of  analog  computer  sys¬ 
tems.  Analog/digital  and  digital/analog  interfaces.  Hybrid  computer  sys¬ 
tems;  principles,  advantages,  applications,  examples.  Prerequisites:  AM  102 
and  307. 

326.  DATA  BASE  SYSTEMS  AND  FILE  MANAGEMENT  THEORY  AND 

TECHNIQUES  (2) 

Theory  and  organization  of  large-scale  file  and  data  base  systems.  Survey  of 
techniques  for  their  use  and  management.  Further  details  to  be  announced. 

327.  ADVANCED  SYSTEMS  ARCHITECTURE  (2) 

This  course  will  vary  somewhat  from  year  to  year  and  will  include  detailed 
studies  of  the  architecture  of  state-of-the-art  computer  systems.  Emphasis 
will  be  on  large,  high-performance  machines.  Prerequisites:  308,  313  or 
consent  of  instructor. 

328.  INTRODUCTION  TO  ARTIFICIAL  INTELLIGENCE  (2) 

Problems  associated  with  the  definition  of  intelligence.  Historial  background. 
Game  playing:  Heuristic  tree  search  and  hill-climbing  techniques.  Computer 


60 


vision;  Objects  bounded  by  straight  and  curved  lines.  Natural  language 
processing;  theory  and  pragmatics.  Knowledge  representation.  Prerequisite: 
EECS312. 

330.  STATISTICAL  SYSTEM  ANALYSIS  (2) 

Analysis  and  design  of  control  systems  subject  to  stochastic  input  signals. 
Wiener-Kalman’s  prediction  theory.  Design  of  optimal  control.  Prerequisite: 
236. 

340.  DIGITAL  FILTER  THEORY  (2) 

Introduction  to  digital  signal  processing,  discrete  systems,  the  z-transform, 
digital  filter  design,  quantization  effects,  fast  Fourier  transform,  and  data  re¬ 
construction.  Prerequisite:  241  or  equivalent  study  of  transforms  theory. 

341 .  SURVEY  OF  COMMUNICATION  SYSTEMS  (2) 

An  introduction  to  the  elements  of  communication  systems.  Information 
transmission.  Types  of  systems.  Transmission  technology.  Channels.  Modu¬ 
lation.  Switching.  The  frequency  domain.  Fourier  methods.  Signal  descrip¬ 
tion.  (Not  to  be  taken  by  students  majoring  in  Communications  Theory.) 

342.  SURVEY  OF  DIGITAL  COMMUNICATION  SYSTEMS  (2) 

Continuation  of  341.  Digital  communication  system  technology  and  meth¬ 
ods.  Pulse  modulation.  Modems.  Interfaces.  Contenders.  Regenerators. 
Protocols.  Line  discipline.  Error  detection  and  control.  Applications.  Prereq¬ 
uisite:  341 .  (Not  to  be  taken  by  students  majoring  in  Communications  The- 
ory.) 

343.  TELEPHONE  COMMUNICATION  SYSTEMS  (2) 

Topics  of  particular  though  not  unique  interest  to  the  telephone  industry. 
Voice-frequency  transmission.  The  telephone  set.  Subscriber  loops.  Single 
sideband  systems.  Multi-channel  signals.  Distortion  in  transmission  systems. 
Prerequisite:  242. 

344.  REGULATION  AND  ECONOMICS  OF  THE  COMMUNICATION 

INDUSTRY  (2) 

Economics  of  communication.  The  history  and  growth  of  regulation.  Domes¬ 
tic  and  international  policy.  Competitive  influences.  Private  and  Public  sys¬ 
tems.  Regulating  agencies.  Satellite  communication. 

345.  PHASE-LOCKED  LOOPS  (2) 

The  basic  loop.  Components.  Describing  equations.  Stability.  Transients. 
Modulation  and  demodulation.  Prerequisite:  242. 

346.  PHASE-LOCKED  LOOPS  WITH  NOISE  (2) 

Additive  noise  response.  Random  modulation.  Nonlinear  operation  with 
noise.  Cycle-slipping.  Prerequisites:  345  and  AM  262. 
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347.  DATA  COMMUNICATION  SYSTEMS  (2) 

Transmission  of  digital  signals  over  real  channels.  Baseband  systems.  Equal¬ 
ization.  Modulation.  Synchronization.  Error  detection  and  correction.  Prereq¬ 
uisites:  242  and  AM  111. 

348.  COMMUNICATION  SYSTEM  COMPONENTS  (2) 

A  survey  of  some  of  the  most  important  components  used  in  modern  com¬ 
munication  systems.  Oscillators.  Modulators.  Demodulators.  Modems.  Data 
processors.  Prerequisite:  242. 

349.  COMMUNICATION  SYSTEM  DESIGN  (2) 

Elements  of  communication  systems.  Decibels.  Noise.  Transmission  chan¬ 
nels.  Modulation  forms.  System  structure.  Prerequisite:  242. 

351 .  SWITCHING  DEVICES  (2) 

Suitable  equivalent  circuits.  Semiconductor  switching  characteristics;  delay, 
storage  time,  recovery  time,  charge  control  parameters.  Circuit  techniques: 
circuit  theorems;  solution  of  differential  equations  with  boundary  values  by 
inspection.  Elementary  switching  applications.  Prerequisite:  251. 

352.  TIMING  AND  PULSE  GENERATION  (2) 

Regenerative  switching  and  wave-form  generation,  effects  of  inductance  in 
switching  and  pulse  circuits,  pulse-forming  circuits  and  high-power  pulse 
amplifiers.  Prerequisite:  351 . 

360.  INTRODUCTION  TO  MAGNETIC  ENGINEERING  (2) 

The  properties  and  characteristics  of  magnetic  materials  are  applied  to  five 
particles,  recording  media,  ferra  and  ferri-magnetic  devices.  Examples  in¬ 
clude  magnetic  recording  heads,  memory  cores,  and  tape  cores.  Prerequi¬ 
site:  104. 

361 .  MAGNETIC  RECORDING  OF  SIGNALS  (2) 

The  technology  of  magnetic  recording  is  explored.  The  magnetic  field 
around  a  recording  head,  tape  magnetization,  media  characteristics  and  var¬ 
ious  recording  methods  are  studied.  Prerequisite:  360. 

362.  MAGNETIC  REPRODUCTION  OF  SIGNALS  (2) 

The  continuation  of  361 .  The  description  of  a  magnetic  record  as  seen  by 
the  reproduce  head.  Influences  of  spacing,  media  thickness  and  noise  are 
considered.  Prerequisite:  361. 

363.  RECORDING  SYSTEMS  (2) 

Current  techniques  are  discussed.  Student  presentations  of  literature  re¬ 
search  is  a  major  part  of  the  course.  Prerequisite:  362. 
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365.  CIRCUIT  APPLICATIONS  OF  NONLINEAR  MAGNETIC  DEVICES  (2) 

Equivalent  circuits,  methods  of  analysis  and  design.  Selected  designs  of 
magnetic  modulators,  inverters,  logic  circuits  and  magnetometers.  Prerequi¬ 
site:  360. 

369.  SPECIAL  TOPICS  IN  MAGNETICS  (2) 

371 .  MOS  Design  I  (2) 

Analysis  and  design  of  MOS  devices.  MOS  Processes.  Design  and  layout  of 
MOS  circuits.  Prerequisite:  264. 

372.  MOS  DESIGN  II  (2) 

Continuation  of  371 .  Prerequisite:  371 . 

376.  HYBRID  CIRCUIT  DESIGN  (2) 

Design  of  thin  and  thick  filhybrid  systems.  Hybrid  components. 

377.  MICROWAVE  INTEGRATED  CIRCUITS  (2) 

Analysis  and  design  of  microwave  integrated  components.  Microwave  circuit 
analysis  and  testing.  Prerequisite:  264. 

379.  TOPICS  IN  MICROELECTRONICS  (2) 

401 .  COMPILER  IMPLEMENTATION  (2) 

Practical  techniques  and  problems  associated  with  writing  a  compiler  for  a 
high-level  programming  language;  scanning,  parsing,  sematic  routines; 
code  generation;  run-time  resource  allocation.  The  course  will  include  a  de¬ 
tailed  compiler  writing  project.  Prerequisite:  EECS  31 2. 

402.  STRUCTURED  PROGRAMMING  (2) 

Systematic  approaches  to:  Program  design,  project  management,  imple¬ 
mentation,  documentation,  and  maintenance.  Hierarchical  design  methodol¬ 
ogy,  use  of  Parnas  modules,  design  correctness  proofs.  Structured 
programs,  top-down  implementation  schemes,  use  of  structured  program 
flow  control,  stepwise  refinement,  monitors  and  debugging  techniques.  A 
project  will  be  required,  involving  the  cooperation  of  several  individuals  in 
the  design  and  implementation  of  a  large  program.  Prerequisites:  EECS  310 
and  31 1 . 

403.  CURRENT  PAPERS  IN  COMPUTER  SCIENCE  (2) 

Study  and  critique  of  recent  papers  in  the  literature.  Papers  on  computer 
hardware  will  be  taken  from  technical  journals  such  as  IEEE  Transactions  on 
Computers,  ACM’s  SIGMINI,  SIGMICRO,  and  SIGARCH,  and  certain  confer¬ 
ence  proceedings,  such  as  the  Annual  Symposium  on  Computer  Architec¬ 
ture.  Software  papers  will  be  taken  from  publications  such  as  the  Communi¬ 
cations  of  the  ACM,  the  ACM  Journal,  IEEE  Transactions  on  Software 
Engineering,  BIT,  ACM  SIGPLAN  Notices,  and  conferences  such  as  the  In¬ 
ternational  Conference  on  Software  Engineering.  Hardware  and  software 
papers  will  be  studied  in  separate  sections.  Usually  offered  during  the  sum¬ 
mer  term.  Pererquisite:  Hardware,  308,  Software,  313. 


63 


MECHANICAL  ENGINEERING 


Richard  K.  Pefley,  M.E.,  Chairman 
Professors:  Richard  K.  Pefley,  Michel  A.  Saad 
Associate  Professors:  Eugene  J.  Fisher,  R.  Ian  Murray 
Instructors:  Lee  E.  Hornberger,  Michael  C.  McCormack 
Senior  Research  Associates:  Dah  Yu  Cheng,  Marcel  Vinokur 

Lecturers:  Peter  G.  Aline,  Gene  J.  Antonides,  Robert  P.  Caren,  Norman  G.  Kulgein, 
Gary  L.  Latshaw,  Ernest  L.  Littauer,  Sampath  Raganath,  Darivsh  Rafinejad,  Peter  A. 
Szego,  Frank  E.  Talke,  Clyde  E.  Taylor,  K.  C.  Tsai,  John  R.  Viegas,  Roger  Wedel,  Stein 
Weissenberger,  Hans  Zulliger 

Mechanical  Engineering  provides  the  necessary  background  to  design  mechanical 
systems  that  are  effective,  efficient,  economical  and  safe.  In  the  Mechanical  Engineer¬ 
ing  Department  emphasis  is  placed  on  two  phases  of  mechanical  engineering:  (1)  de¬ 
sign  of  machines  and  systems  for  their  control;  (2)  design  and  analysis  of  thermofluid 
systems  for  the  effective  utilization  of  energy.  Educational  efforts  are  channeled  to  im¬ 
part  to  prospective  engineers  not  only  a  fundamental  competence  but  also  a  versatile 
perceptive  capability  in  analysis  of  engineering  systems. 

I I .  DESIGN  AND  MACHINE  TOOL  PROCESSES 

Influence  of  material  selection  and  manufacturing  processes  on  engineering 
design. 

15.  MATERIAL  SCIENCE 

Physical  basis  of  the  electrical,  mechanical,  and  thermal  behavior  of  solids. 
Relations  between  structural  and  physical  properties.  Theory  of  dislocations, 
vacancies,  and  other  defects  and  their  effect  on  physical  properties.  Illustra¬ 
tions  of  the  relationship  between  material  selection,  manufacturing  proc¬ 
esses  and  design.  Laboratory.  Prerequisite:  Physics  6. 

110.  MACHINE  DESIGN  I 

Analytical  and  graphical  analysis  of  linkages  utilizing  statics,  dynamics,  and 
strength  of  materials.  Machine  elements  studied  include  electromechanical 
and  pneumatic-hydraulic  components.  Prerequisites:  1 1 ,  Engineering  43. 

III.  MACHINE  DESIGN  II 

Continuation  of  Machine  Design  I.  System  analysis  and  synthesis  will  be 
studied,  including  control  systems.  Solutions  to  design  problems  will  be  crit¬ 
ically  evaluated  by  employing  case  studies.  Prerequisite:  1 1 0. 

112.  ADVANCED  MACHINE  DESIGN 

Continuation  of  Machine  Design  II — Emphasis  is  placed  on  design  projects. 
Integration  of  various  components  into  a  complete  machine  is  studied.  Pre¬ 
requisite:  111. 
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1 1 5.  DESIGN  OF  THERMAL  SYSTEMS 

Characteristics  of  power  plant  components,  mathematical  modeling  and  sys¬ 
tem  simulation.  Optimization,  search  methods,  programming  and  econom¬ 
ics. 

125.  THERMODYNAMICS 

Thermodynamic  potentials  and  availability  concepts.  Nonreactive  mixtures. 
Reactive  mixtures  with  emphasis  on  the  thermodynamics  of  combustion  and 
chemical  equilibrium.  Prerequisite:  Engineering  121 . 

135.  HEAT  TRANSFER 

Introduction  to  the  concepts  of  conduction,  convection,  and  radiation  heat 
transfer,  and  application  of  these  concepts  to  engineering  problems.  Prereq¬ 
uisite:  Engineering  121 . 

1 36.  TRANSPORTATION  SYSTEMS 

Evaluation  of  various  modes  of  transportation  systems,  including  methods  of 
propulsion.  Economic  and  feasibility  studies. 

1 38.  NUCLEAR  REACTORS 

Introduction  to  principles  underlying  nuclear  power  reactor  design.  Senior 
standing  required. 

140.  ADVANCED  DYNAMICS 

Derivation  and  solution  of  equations  of  motion  of  linear  dynamic  systems. 
Stability,  introduction  to  feedback  control  systems,  vibration  and  noise.  Pre¬ 
requisite:  Engineering  42. 

142.  FLUID  MECHANICS 

Introduction  to  gas  dynamics.  Concepts  of  lift  and  drag.  Mechanics  of  lami¬ 
nar  and  turbulent  flow.  Introduction  to  boundary-layer  theory.  Application  to 
selected  topics  in  lubrication  theory,  aerodynamics,  turbomachinery,  and 
pipe  networks.  Prerequisite:  Engineering  1 20  and  1 21 . 

150.  OPTIMIZATION  OF  ENGINEERING  SYSTEMS  I  (2) 

Methods  of  evaluation  and  optimizing  complex  Engineering  Projects,  optimi¬ 
zation  techniques,  criteria  for  project  evaluation;  decision  making  under  un¬ 
certainty;  use  of  the  computer  in  modeling  and  simulation. 

151.  OPTIMIZATION  OF  ENGINEERING  SYSTEMS  II  (2) 

A  continuation  of  ME  1 50. 

205.  MACHINE  VIBRATIONS  (2) 

Behavior  of  one,  two,  and  multi-degree  of  freedom  systems  when  exposed 
to  periodic  forcing  functions. 
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208.  MICROPROCESSOR  UTILIZATION  IN  MECHANICAL  CONTROLS  (2) 

210.  NONLINEAR  OSCILLATIONS  I  (2) 

Phase  plane  and  phase  trajectories.  Conservative  systems.  Discontinuous 
systems.  State  space.  Stability.  Prerequisite:  140. 

21 1 .  NONLINEAR  OSCILLATIONS  II  (2) 

Lyapunov’s  direct  method.  Applications,  including  rigid  body  motion.  Com¬ 
putation  of  stability  domains.  Time-varying  systems.  Limit  cycles  and  topo¬ 
logical  methods.  Perturbation  techniques.  Prerequisite:  210. 

21 5.  DYNAMICS  OF  PHYSICAL  SYSTEM  I  (2) 

Vector  kinematics  and  dynamics  of  particles  and  systems  of  particles.  En¬ 
ergy  and  momentum.  Systems  of  variable  mass. 

r 

216.  DYNAMICS  OF  PHYSICAL  SYSTEMS  II  (2) 

Vector  kinematics  and  dynamics  of  rigid  bodies.  Lagrange’s  equations. 
Prerequisite:  215. 

21 8.  CLASSICAL  MECHANICS  I  (2) 

Vectorial  mechanics  of  a  system  of  particles.  Variational  principles.  La¬ 
grange’s  equations.  Conservation  laws.  Hamilton’s  principle.  Kinematics  of 
rigid  body  motion.  Inertia  tensor. 

219.  CLASSICAL  MECHANICS  II  (2) 

Hamilton’s  equations.  Rigid  body  dynamics.  Stability  of  motion.  Applications 
to  satellite  attitude  control. 

225.  GAS  DYNAMICS  I  (2) 

Flow  of  compressible  fluids  including  one-dimensional  isentropic  flow,  nor¬ 
mal  shock  waves,  frictional  flow.  Prerequisite:  Engineering  1 21 . 

226.  GAS  DYNAMICS  II  (2) 

Continuation  of  225.  Flow  with  heat  interaction  and  generalized  one¬ 
dimensional  flow.  Oblique  shock  waves  and  two-dimensional  potential  flow. 
Prerequisite:  225. 

227.  GAS  DYNAMICS  III  (2) 

Continuation  of  226.  Emphasis  on  linearized  flow  and  the  method  of  charac¬ 
teristics  for  supersonic  flow.  Methods  of  experimental  measurements.  Pre¬ 
requisite:  226. 

228.  GAS  DYNAMICS  IV  (2) 

Flow  of  gases  analyzed  from  a  microscopic  viewpoint.  Prerequisites:  225 
and  230. 
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229.  EQUILIBRIUM  THERMODYNAMICS  (2) 

Extremum  principles  of  thermodynamic  equilbrium.  Equations  of  state,  ther¬ 
modynamic  potentials,  phase  transitions  and  thermodynamic  stability.  The¬ 
ory  of  chemical  equilibrium.  Extensions  and  application  to  elastic  systems 
and  systems  in  the  presence  of  fields.  Prerequisite:  1 25  or  equivalent. 

230.  STATISTICAL  THERMODYNAMICS  (2) 

Kinetic  theory  of  gases,  Maxwell-Boltzmann  distributions,  thermodynamic 
properties  in  terms  of  partition  functions,  quantum  statistics  and  applica¬ 
tions.  Prerequisites:  Differential  Equations  and  121. 

234.  COMBUSTION-FOSSIL  FUEL  (2) 

Theory  of  combustion  processes.  Reaction  kinetics,  flame  propagation  theo¬ 
ries.  Emphasis  on  factors  influencing  pollution.  Prerequisites:  Differential 
Equations  and  Engineering  1 21 . 

236.  CONDUCTIVE  HEAT  TRANSFER  I  (2) 

Flow  of  heat  through  solid  and  porous  media  for  steady  and  transient  condi¬ 
tions.  Consideration  of  stationary  and  moving  heat  sources.  Prerequisites: 
Differential  Equations  and  1 35. 

237.  CONDUCTIVE  HEAT  TRANSFER  II  (2) 

Continuation  of  236. 

238.  CONVECTIVE  HEAT  AND  MASS  TRANSFER  (2) 

Advanced  problems  in  heat  and  mass  transfer,  with  emphasis  on  convective 
heat  and  mass  transport.  Prerequisite:  135. 

239.  TWO  PHASE  FLOW  AND  HEAT  TRANSFER  (2) 

Considerations  of  possible  flow  regimes  for  closed  conduits  in  terms  of  pres¬ 
sure  drop,  void  fraction,  and  heat  flux.  Prerequisites:  272,  135,  or  equiva¬ 
lents. 

240.  RADIATION  HEAT  TRANSFER  I  (2) 

Introduction  to  concepts  of  quantum  mechanics,  black  body  behavior  and 
radiant  heat  exchange  between  real  bodies.  Two-hour  lecture.  Prerequisite: 
135. 

241 .  RADIATION  HEAT  TRANSFER  II  (2) 

Continuation  of  240 

242.  MODERN  DEVELOPMENTS  IN  HEAT  TRANSFER  (2) 

Various  topics  in  heat  transfer.  Heat  pipe  design,  thermal  contact  conduc¬ 
tance,  modern  insulation  systems,  thermal  scale  modeling. 
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243.  CRYOGENICS  (2) 

Thermodynamic,  heat  transfer  and  fluid  mechanic  aspects  of  cryogenic  sys¬ 
tems. 

244.  SOLAR  ENERGY  THERMAL  PROCESSES  (2) 

Introduction  to  the  use  of  solar  energy  for  heating  and  air  conditioning. 
Availability  of  solar  energy.  Solar  collector  and  storage  system  design.  Eco¬ 
nomics  of  design. 

245.  DESIGN  OF  THERMAL  SYSTEMS  (2) 

Mathematical  modeling  and  system  simulation  of  power  generation  systems. 
Optimization,  search  methods,  programming  and  economics. 

250.  NUCLEAR  ENGINEERING  I  (2) 

Reactor  types  and  applications  for  power  production,  breeding  and  special 
power  sources.  Fission  processes,  radioactivity  and  nuclear  cross  section 
applications. 

251 .  NUCLEAR  ENGINEERING  II  (2) 

Maxmellian  Boltzmann  neutron  distributions  in  thermal  reactors,  diffusion 
theory  boundary  value  problems,  slowing  down  and  neutron  interactions  in 
reactors  which  determine  fuel  loading  and  reactivity.  Prerequisite:  250. 

252.  NUCLEAR  ENGINEERING  III  (2) 

Special  problems  occuring  in  the  energy  removal  and  structural  design  of  re¬ 
actors,  radiation  protection  and  reactor  shielding.  Fuel  cycles,  fuel  repro¬ 
cessing  and  economic  evaluations.  Prerequisite:  251 . 

253.  REACTOR  THEORY  I  (2) 

Neutron  interaction  with  matter,  theory  of  nuclear  fission  and  chain  reacting 
systems,  diffusion  theory  applications  for  boundary  value  problems  applied 
to  thermal  and  fast  reactors.  Prerequisite:  252. 

254.  REACTOR  THEORY  II  (2) 

Neutron  slowing  theory,  idealized  and  practical  for  absorption-fissioning  me¬ 
dia.  Significance  pf  low-energy  neutron  distributions.  Prerequisite:  253. 

266.  FUNDAMENTALS  OF  FLUID  MECHANICS  (2) 

Basic  conservation  laws  and  theorems  of  incompressible  flows.  Prerequisite: 
Engineering  120. 

267.  IDEAL  FLUID  FLOW  (2) 

Two  and  three  dimensional  flows  of  an  incompressible,  inviscid  fluid.  Prereq¬ 
uisite:  266. 
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268.  FLOW  PAST  HYDRO  AND  AERO  SHAPES  (2) 

Flow  past  thin  airfoils  using  distribution  of  sources  and  vortices.  Generation 
of  lift.  Flow  past  finite  wings.  Flow  past  slender  bodies  of  revolution. 

269.  WATER  WAVES  (2) 

Mechanics  of  fluid  motion  and  the  effects  on  surface  and  submerged  vehi¬ 
cles. 

270.  PHYSICAL  PROPERTIES  FROM  THE  MOLECULAR  VIEWPOINT  (2) 

Microscopic  theories  of  deformation  and  fracture.  Electrical,  thermal,  and 
magnetic  properties  of  materials.  Prerequisite:  1 5  or  equivalent. 

272.  VISCOUS  FLOW  I  (2) 

Exact  and  approximate  solutions  for  incompressible,  viscous  flow.  Includes 
an  introduction  to  boundary  layer  theory.  Prerequisite:  266. 

273.  VISCOUS  FLOW  II  (2) 

Continuation  of  272.  Transition  and  turbulence. 

275.  TRANSIENT  HYDRAULIC  ANALYSIS  (2) 

Applications  of  fluid  mechanics  principles  to  transient  flow  in  piping  systems. 
Analysis  of  systems  containing  turbo  machinery.  Prerequisite:  Engineering 
120. 

277.  DIMENSIONAL  ANALYSIS  (2) 

Determination  of  governing  parameters  for  experimental  studies  and  model 
tests:  Buckingham’s  Pi  Theorem,  normalization  of  governing  equations  and 
boundary  conditions.  Order  of  magnitude  estimates  and  justification  for  sim¬ 
plified  differential  equations. 

280.  MAGNETOHYDRODYNAMICS  AND  PLASMA  PHYSICS  I  (2) 

Introduction  to  the  physical  principles  and  underlying  properties  of  electri¬ 
cally  conducting  media.  Elements  of  electromagnetic  theory  and  the  dynam¬ 
ics  of  charged  particles.  Thermodynamics  and  kinetic  theory  of  ionized 
gases.  Debye  shielding,  plasma  oscillations,  ionization  and  atomic  proc¬ 
esses,  collisions,  and  relaxation  times.  Prerequisite:  familiarity  with  electricity 
and  magnetism. 

282.  DESIGN:  FATIGUE  AND  FRACTURE  MECHANICS  (2) 

Material  and  environmental  factors  governing  fatigue  life  of  structural  ele¬ 
ments  and  related  fracture  mechanics. 

283.  DESIGN:  FRICTION,  WEAR,  AND  LUBRICATION  (2) 

Analysis  of  liquid  and  gas  film  journal  and  thrust  bearings,  foil  and  hydros¬ 
tatic  bearings,  theory  of  friction,  frictional  behavior  of  materials,  wear. 


69 


286.  HYDRODYNAMIC  LUBRICATION  (2) 

Reynolds  equation,  incompressible  slider  and  journal  bearings,  elasto- 
hydrodynamic  lubrication,  disk  and  gear  lubrication,  numerical  methods,  foil 
bearings,  introduction  to  gas  bearings. 

288.  ENERGY  CONVERSION  I  (2) 

Introduction  to  promising  methods  of  power  generation  using  solar  energy, 
thermoelectric  effect,  and  fuel  cells.  Includes  description  of  the  physical 
phenomena  involved,  analysis  of  device  performance,  and  assessment  of 
potential  for  future  use. 

289.  ENERGY  CONVERSION  II  (2) 

Discussion  of  magnetohydrodynamic  power  generation,  thermiomic  con¬ 
verters,  and  thermonuclear  fusion.  288  is  not  a  prerequisite. 

290.  AIR  POLLUTION  IN  URBAN  COMMUNITIES  (2) 

Air  pollution  meteorology,  statistics  of  pollutant  concentrations,  microscale 
highway  and  street  canyon  models  and  mesoscale  airport  and  urban  mod¬ 
els. 

291 .  NOISE  POLLUTION  IN  URBAN  COMMUNITIES  (2) 

Mathematical  models  to  disperse  the  propagation  of  sound  in  urban  commu¬ 
nities.  Examination  of  models  from  the  standpoint  of  accuracy,  utility  and  ap¬ 
plicability. 

292.  PROJECT  MANAGEMENT  AND  ENGINEERING  ENTREPRENEURSHIP 

(2) 

Introduction  to  planning,  organizing,  managing,  and  controlling  projects, 
programs,  and  technically  oriented  enterprises.  Emphasis  is  upon  the  inter¬ 
actions  between  engineering  and  other  management  disciplines. 

295.  SCIENCE,  SOCIETY  AND  SURVIVAL  (2) 

An  experimental  course  in  which  an  experienced  engineer  in  the  design 
process  will  examine  how  engineers  can  use  their  creativity  and  initiative  to 
direct  technology  so  that  it  will  remain  the  servant  rathe,  than  become  the 
master  of  mankind. 

296.  BUSINESS  ORIENTATION  FOR  ENGINEERS  (2) 

Introduction  to  the  business  environment  from  the  engineer’s  prespective. 

297.  SEMINAR  (1  or  2) 

A  series  of  discrete  lectures  on  current  problems  and  progress  in  field  rela¬ 
ted  to  mechanical  engineering. 

298.  SPECIAL  PROBLEMS  (3  to  9  units) 

By  arrangement. 

299.  RESEARCH  M.S.  THESIS  (3  to  9  units) 

By  arrangement  with  the  Department. 
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Faculty 

Graduate  School  of  Engineering 


PETER  J.  ALINE  (1963) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1951,  Reed  College;  M.S.,  1953,  Ph.D.,  1957,  University  of  Oregon. 

GENE  J.  ANTONIDES  (1972) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1958,  University  of  Michigan;  M.A.,  1964,  University  of  Michigan;  M.S.,  1966, 
University  of  Santa  Clara;  Engineer’s  Degree,  1972,  University  of  Santa  Clara. 

RUSSEL  J.  APFEL  (1977) 

B.S.,  1 969,  M.I.T.;  M.S.,  1971,  University  of  Santa  Clara 

JACK  C.  ARMSTRONG  (1971) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

DAVID  B.  ASHLEY  (1976) 

Lecturer  in  Civil  Engineering 

S.B.,  1973,  S.M.,  1974,  Massachusetts  Institute  of  Technology;  S.M.,  1975,  Stan¬ 
ford  University. 

HAROLD  T.  BARRACLOUGH  (1973) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.,  1961,  University  of  Idaho;  M.S.E.E.,  1972,  Stanford  University. 

YAAKOV  BAR-SHALOM  (1 973) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.,  1963,  M.S.,  1967,  Technion,  Isreal;  Ph.D.,  1970,  Princeton  University. 


STANLEY  L.  BASIN  (1974) 

Lecturer  in  Applied  Mathematics 

B.A.,  1 962,  San  Jose  State;  M.S.,  1 970,  University  of  Santa  Clara. 

BASIJI,  JAMSHID  (1974) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.E.E.,  1965,  M.S.E.E.CS,  1966,  University  of  California,  Berkeley. 

JOHN  D.  BRUCE  (1962) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.,  1957,  M.S.,  1960,  Ph.D.,  1962,  University  of  Kansas. 
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HANS  R.  CAMENZIND  (1968) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.,  1959,  Institute  of  Technology,  Zurich,  Switzerland;  M.S.E.E.,  1967,  North¬ 
eastern  University. 

ROBERT  P.  CAREN  (1970) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1 953,  M.S.,  1 954,  Ph.D.,  1 961 ,  Ohio  State  University. 

DONALD  D.  CHAMBERLIN  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.,  1 967,  Harvey  Mudd  College;  M.S.,  1 967,  Ph.D.,  1 971 ,  Stanford. 

SHU-PARK  CHAN  (1962) 

Professor  of  Electrical  Engineering  and  Computer  Science;  Chairman,  Department 
of  Electrical  Engineering  and  Computer  Science. 

B.S.,  1955,  Virginia  Military  Institute;  M.S.,  1957,  Ph.D.,  1963,  University  of  Illinois. 

DAH  YU  CHENG  (1969) 

Senior  Research  Associate,  Mechanical  Engineering 

B.S.,  1957,  Cheng  Kung  University;  M.S.,  1961,  Ph.D.,  1965,  University  of  Minne¬ 
sota. 

CHARLES  H.  CHICKS  (1964) 

Lecturer  in  Applied  Mathematics 

B.S.,  1953,  Linfield  College;  M.A.,  1956,  Ph.D.,  1960,  University  of  Oregon. 

GEORGE  S.  COHEN  (1976) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.E.E.,  1953,  University  of  Dayton;  M.S.E.,  1955,  Ph.D.,  1962,  University  of  Michi¬ 
gan. 

CONRAD  DELL’OCA  (1974) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.A.Sc.,  1964,  M.A.Sc.,  1966,  Ph.D.,  1970,  University  of  British  Columbia. 

RAUL  J.  CONTI 

Lecturer  in  Applied  Mathematics 

B.S.,  1950,  Escuela  de  Aviacion  Militar  (Argentina);  A.E.,  1953,  Escuela  Superior 
de  Aerotecnia;  Ph.D.,  1965,  Stanford. 

ROGER  M.  COOPER  (1972) 

Lecturer  in  Applied  Mathematics 

B.S.,  1961,  University  of  Illinois;  M.S.,  1963,  Illinois  Institute  of  Technology;  Ph.D., 
1 969,  University  of  Colorado. 
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SAM  M.  CRISTOFANO  (1975) 

Lecturer  in  Civil  Engineering 

B.S.C.E.,  1952,  University  of  Colorado;  M.S.P.W.A.,  1974  University  of  Santa  Clara. 

NORMAN  A.  CYR  (1970) 

Lecturer  in  Engineering  Mechanics 

B.S.,  1949,  Gonzaga  University;  M.S.,  1950,  University  of  Washington;  Ph.D.,  1969, 
Stanford  University. 

RICHARD  D.  DELONG  (1973) 

Lecturer  in  Civil  Engineering 

B.A.,  1 954,  University  of  Denver;  M.S.,  1 955,  University  of  Denver. 

WILLIAM  R.  DUNN,  JR.  (1969) 

Assistant  Professor  of  Electrical  Engineering  and  Computer  Science 

A. B.,  1958,  University  of  California,  Berkeley;  M.S.E.E.,  1968,  Ph.D.,  1970,  Univer¬ 
sity  of  Santa  Clara. 

MICHAEL  P.  EKSTROM  (1976) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B. S.E.E.,  1962,  Arizona  State  University;  Ph.D.,  1971,  University  of  California,  Da¬ 
vis. 

PATRICK  T.  FERRARO  (1974) 

Lecturer  in  Civil  Engineering 

B.S.,  Civil  Engineering,  1968,  Loyola  University  of  Los  Angeles;  M.S.C.E.  Santitary 
Engineering,  1 970  San  Jose  State  University. 

EUGENE  J.  FISHER  (1954) 

Associate  Professor  of  Mechanical  Engineering 

B.M.E.,  1950,  University  of  Santa  Clara;  M.S.,  1965,  Stanford  University,  Registered 
Professional  Engineer. 

WADEH.FOY  (1964) 

Lecturer  in  Applied  Mathematics 

B.S.,  1946,  United  States  Naval  Academy;  B.E.E.,  1951,  North  Carolina  State  Uni¬ 
versity;  M.S.E.E.,  1955,  Massachusetts  Institute  of  Technology;  Ph.D.,  1962,  The 
Johns  Hopkins  University. 

SANFORD  GETREU  (1976) 

Lecturer  in  Civil  Engineering 

B.A.,  1953,  Ohio  State  University;  M.R.P.,  1955,  Cornell  University. 

PETER  E.  GISE  (1976) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.  and  B.S.  Physics,  1963,  Lafayette  College;  M.S.E.E.,  1970,  University  of 
Santa  Clara. 
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RONALD  D.  GRUENWALD  (1975) 

Lecturer  in  Civil  Engineering 

B.S.,  Civil  Engineering  and  Mathematics,  1958,  California  State  University  at 
Fresno;  M.S.,  Public  Works  Administration  1974,  University  of  Santa  Clara. 

ALAN  B.  GREBENE  (1969) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.,  1961,  Roberts  College;  M.S.E.E.,  1963,  University  of  California,  Berkeley; 
Ph.D.,  1968,  Rensselaer  Polytechnic  Institute. 

DAVID  E.  HARTLEY  (1972) 

Lecturer  in  Civil  Engineering 

B.S.,  1 951 ,  University  of  Washington. 

ALLEN  WAYNE  HATHAWAY  (1974) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.,  1 964,  Rice  University;  M.S.,  1 966,  Texas  A  &  M  University. 

WILLIAM  T.  HATLEY,  JR.  (1969) 

Lecturer  in  Applied  Mathematices 

B.A.,  1960,  Rice  University;  M.S.E.E.,  1964,  Ph.D.,  1968,  Stanford  University. 

TIMOTHY  J.  HEALY  (1966) 

Associate  Professor  of  Electrical  Engineering  and  Computer  Science  and  Applied 
Mathematics 

B.S.E.E.,  1958,  Seattle  University;  M.S.E.E.,  1959,  Stanford  University;  Ph.D.,  1966, 
University  of  Colorado. 

LEE  E.  HORNBERGER 

Instructor  in  Mechanical  Engineering 

B.S.,  1969,  University  of  Santa  Clara,  M.S.,  1923,  Massachusetts  Institute  of  Tech¬ 
nology. 

CHARLES  M.  HOGAN  (1969) 

Lecturer  in  Applied  Mathematics 

B.A.,  1964,  Princeton  University;  M.S.,  1966,  Ph.D.,  1969,  Stanford  University. 

JUNGP.  HONG  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science. 

B.S.E.E.,  1966,  M.S.E.E.,  1967,  University  of  California,  Berkeley;  Ph.D.,  1971,  Uni¬ 
versity  Southern  California. 

JOHN  HOPKINS  (1976) 

Lecturer  in  Civil  Engineering 

B.S.  Civil  Engineering,  1963,  University  of  Rhode  Island;  M.S.  Public  Works  Admin¬ 
istration,  1974,  University  of  Santa  Clara. 
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RICHARD  A.  HUGHES  (1972) 

Lecturer  in  Civil  Engineering 

A. B.,  1 959,  Washington  University;  M.S.,  1 961 ,  University  of  Michigan. 

RICHARD  W.  HULL  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B. S.E.E.,  1961 ,  Stanford;  M.S.E.E.,  1970,  University  of  Santa  Clara. 

JAN  A.  JANKU  (1974) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.,  1957,  M.S.,  1958,  Institute  of  Technology,  Prague. 

ROY  A.  JENSEN  (1968) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.,  1 957,  M.S.,  1 958,  California  Institute  of  Technology. 

MORGAN  JOHNSON  (1968) 

Professor  of  Civil  Engineering,  Chairman,  Department  of  Civil  Engineering 
B.S.,  1939,  M.S.,  1946,  Iowa  State  University;  Ph.D.,  1949,  Purdue  University.  Reg¬ 
istered  Professional  Engineer. 

WILLIAM  P.  JONES  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.  Physics,  1956,  M.S.  Aerospace  Sciences,  1964,  Stanford. 

MICHAEL  A.  KELLY  (1972) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.,  1959,  University  of  California,  Los  Angeles;  M.S.,  1963,  Brooklyn  Polytech; 
Ph.D.,  1968,  University  of  California,  Berkeley. 

RICHARD  W.  KORALEK  (1972) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.,  1966,  Massachusetts  Institute  of  Technology;  M.S.,  1967,  Stanford  University; 
Ph.D.,  1972,  Stanford  University. 

NORMAN  G.  KULGEIN  (1963) 

Lecturer  in  Mechanical  Engineering 

S.B.,  1955,  S.M.,  1956,  Massachusetts  Institute  of  Technology;  Ph.D.,  1960,  Har¬ 
vard  University. 


THEODORE  A.  LALIOTIS  (1973) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.,  1964,  University  of  California,  Berkeley;  M.S.E.E.,  1966,  San  Jose  State 
University. 
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GLEN  G.  LANGDON  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.,  1957,  Washington  State  University;  M.S.E.E.,  1963,  University  of  Pitts¬ 
burgh;  Ph.D.,  1968,  Syracuse  University. 

GARY  L.  LATSHAW  (1975) 

Lecturer  in  Mechanical  Engineering 

B.A.,  1966,  UC,  Berkeley;  Ph.D.,  1971,  Stanford  University. 

DONALD  P.  LEACH  (1972) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.,  1958,  Stanford  University,  M.S.E.E.,  1964,  Ph.D.,  1971,  University  of 
Santa  Clara. 

TUCK  HOP  LEE  (1961) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.,  1949,  University  of  Iowa;  M.S.,  1950,  Yale  University;  Ph.D.,  1958,  University 
of  Illinois. 

CHARLES  T.  LEIS  (1974) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.E.E.,  1968,  M.S.E.E.,  1969,  University  of  Florida. 

ADAM  LENDER  (1976) 

B.S.,  1954,  M.S.,  1956,  Columbia  University  (New  York);  Ph  D.,  1972,  Stanford 
University. 

DANIEL  W.  LEWIS  (1975) 

Assistant  Professor  of  Electrical  Engineering  and  Computer  Science 

B.E.E.,  1968,  Georgia  Institute  of  Technology;  M.S.E.E.,  1972,  E.E.,  1975;  Ph  D., 

1975,  Syracuse  University. 

ROBERT  N.  LINEBARGER  (1965) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.A.,  1958,  Bringham  Young  University;  M.S.,  1960,  University  of  Michigan;  Ph.D., 
1963,  Case  Western  Reserve  University. 

ERNEST  L.  LITTAUER  (1975) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1958,  London  University;  Ph.D.,  1961,  London  University. 

STEPHEN  LUDVIK  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.  Physics,  B.E.,  1968,  M.S.,  1970,  University  of  Sidney;  Ph.D.,  1972,  Stanford 
University. 
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DALE  R.  LUMB  (1969) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.,  1958,  M.S.,  1959,  Ph.D.,  1962,  Kansas  State  University. 

DAVID  T.  MAGILL  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.,  1957,  Princeton  University;  M.S.E.,  1960,  Ph.D.,  1964,  Stanford  University. 


GERALD  E.  MARKLE  (1963) 

Professor  of  Engineering;  Director,  Computer  Center 

B.S.,  1936,  M.S.,  1938,  University  of  Detroit;  M.A.,  1940,  University  of  Michigan; 
Ph.D.,  1954,  Wayne  State  University. 


MARSHALL  B.  MARLOWE  (1970) 

Lecturer  in  Civil  Engineering 

B.S.E.,  1 961 ,  University  of  Michigan;  M.S.,  1 964,  Ph.D.,  1 968,  Stanford  University. 

GILBERT  M.  MASTERS  (1969) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.,  1961,  University  of  California,  Los  Angeles;  M.S.,  1962,  University  of  Califor¬ 
nia,  Los  Angeles;  Ph.D.,  1966,  Stanford  University. 


MICHAEL  C.  McCORMACK 

Instructor  in  Mechanical  Engineering 

B.S.,  1 968,  M.S.,  1971,  University  of  Santa  Clara. 


JAMES  R.  McCLURE  (1976) 

B.S.,  Computer  Engineering,  1974,  University  of  Michigan;  M.S.,  1975,  Stanford 
University. 


john  w.  McConnell  (1970) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.,  1966,  M.S.,  1968,  University  of  California. 


O.  LEE  MITCHELL  (1975) 

Lecturer  in  Civil  Engineering 

B.S.,  1 936,  University  of  Cincinnati;  J.D.,  1 950,  Salmon  P.  Chase  Law  College,  Uni¬ 
versity  of  Cincinnati. 


EVAN  MOUSTAKAS  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.,  1959,  M.S.E.E.,  1961,  Oregon  State  University;  Ph.D.,  1976,  University  of 
Santa  Clara. 
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ROBERT  IAN  MURRAY  (1951) 

Associate  Professor  of  Mechanical  Engineering 

B.S.,  1949,  M.S.,  1951,  Stanford  University;  Registered  Professional  Engineer. 

ENJETI  S.  MURTHI  (1974) 

Lecturer  of  Electrical  Engineering  and  Computer  Science 

B.Sc.,  1955,  University  of  Madras,  India;  M.S.E.E.,  1961,  Ph  D.,  1965,  Purdue  Uni¬ 
versity. 

HENRY  P.  NETTESHEIM  (1947) 

Associate  Professor  of  Electrical  Engineering  and  Computer  Science 
B.S.E.E.,  1946,  University  of  Wisconsin;  M.S.,  1951,  Stanford  University. 

WILMOT  J.  NICHOLSON  (1964) 

Lecturer  in  Civil  Engineering 
B.S.,  1 936,  University  of  Santa  Clara. 

JOHN  O’HALLORAN  (1971) 

Lecturer  in  Civil  Engineering 

B.S.,  1950,  University  of  San  Francisco;  B.S.,  1944,  M.E.,  1960,  Stanford  Univer¬ 
sity. 

GAY  L.  PANG  (1977) 

Lecturer  in  Civil  Engineering 

B.S.C.E.,  1965,  University  of  Notre  Dame;  M.S.,  1966,  Yale  University;  M.B.A., 
1 972,  University  of  Santa  Clara. 

ROBERT  J.  PARDEN  (1954) 

Dean,  School  of  Engineering;  Professor  of  Engineering 

B.S.M.E.,  1947,  M.S.,  1951,  Ph.D.,  1953,  State  University  of  Iowa;  Registered  Pro¬ 
fessional  Engineer. 

EMANUEL  H.  PEARL  (1973) 

Lecturer  in  Civil  Engineering 

B.S.,  1931,  M.S.,  1934,  University  of  Texas;  M.S.,  1939,  Harvard  University. 

RICHARD  K.  PEFLEY  (1951) 

Professor  of  Mechanical  Engineering;  Chairman,  Department  of  Mechanical  Engi¬ 
neering 

B.S.,  1944,  M.S.,  1951,  M.E.,  1960,  Stanford  University;  Registered  Professional 
Engineer. 

GUST  PERLEGOS  (1976) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.E.E.,  1969,  San  Jose  State  University;  M.S.E.E.,  1970,  Engineer’s  Degree, 
1972,  Stanford  University. 
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WILLIAM  J.  PERRY  (1968) 

Lecturer  in  Applied  Mathematics 

B.S.,  1949,  M.S.,  1950,  Stanford  University;  Ph.D.,  1957,  Pennsylvania  State  Uni¬ 
versity. 

JACK  A.  PETERSON  (1955) 

Associate  Professor  of  Electrical  Engineering  and  Computer  Science 
B.S.E.E.,  1949,  M.S.E.E.,  1953,  University  of  Idaho;  Registered  Professional  Engi¬ 
neer. 

RAYMOND  PIETILA  (1976) 

B.S.,  1963,  Ryerson  Poly.  (Canada);  M.S.,  1969,  University  of  Santa  Clara 

DARIUSH  RAFINEJAD  (1975) 

B.S.,  1966,  Abadan  Institute  of  Tech.;  M.S.,  1967,  UC,  Berkeley;  Ph.D.,  1970,  UC, 
Berkeley. 

JON  D.  RAGGETT  (1974) 

Assistant  Professor  of  Civil  Engineering 

B.S.E.,  1966,  Princeton  University;  M.S.,  1967,  Stanford  University;  Ph.D.,  1971, 
Princeton  University;  Registered  Professional  Engineer. 

SAMPATH  RANGANATH  (1975) 

B.E.,  1965,  Bangalore  Univ.;  M.E.,  1967,  Indian  Institute  of  Science;  Ph.D.,  1971, 
Brown  University. 

BERNARD  ROSS  (1971) 

Lecturer  in  Civil  Engineering 

B.S.,  1957,  Cornell  University;  M.S.,  1959,  Stanford  University;  Ph.D.,  1965,  Stan¬ 
ford  University. 

HOWARD  T.  RUSSELL  JR.  (1973) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.E.E.,  1 966,  M.S.E.E.  1 967,  Texas  A  &  M  University. 

MICHEL  A.  SAAD  (1959) 

Professor  of  Mechanical  Engineering 

B.S.,  1949,  Alexandria  University;  M.S.,  1953,  Massachusetts  Institute  of  Technol¬ 
ogy;  Ph.D.,  1956,  University  of  Michigan;  Registered  Professional  Engineer. 

PAULO.  SCHEIBE  (1962) 

Lecturer  in  Applied  Mathematics 

B.S.,  1958,  M.S.,  1959,  University  of  North  Dakota;  Ph.D.,  1963,  Stanford  Univer¬ 
sity. 
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URBAN  J.  SCHREINER  (1973) 

Lecturer  in  Civil  Engineering 

A. B.,  1953,  Dartmouth  College;  L.L.B.,  1959,  University  of  California,  Los  Angeles, 
School  of  Law. 

STYLIANOS  G.  SEVASTOPOULOS  (1976) 

B. S.,  1968,  Superior  Institute  of  Technology  for  Nuclear  Sciences;  M.S.,  1973  Uni¬ 
versity  of  Santa  Clara. 

JOHN  C.  SLIMICK  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.A.  Math,  1961,  University  of  Virginia;  M.S.C.S.,  1969,  Stanford  University. 

DRAGOSLAV  D.  SILJAK  (1964) 

Professor  of  Electrical  Engineering  and  Computer  Science 
Ph.D.,  1 961 ,  University  fo  Belgrade. 

DONALD  R.  SLUTZ  (1977) 

B.S.,  1964,  University  of  Wisconsin;  SM,  Ph.D.,  1968,  M.l.T. 

OLNEY  SMITH  (1972) 

Lecturer  in  Civil  Engineering 

A. B.,  1942,  Syracuse  University;  LLB,  1948,  Columbia  and  Westminister  Law 
Schools. 

WESLEY  D.  SMITH  (1975) 

Lecturer  of  Civil  Engineering 

B. S.  Civil  Engineering,  1959,  Fresno  State  University;  M.S.  Public  Works  Adminis¬ 
tration,  1974,  University  of  Santa  Clara. 

EDWARD  H.  SNOW  (1969) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.S.,  1958,  Ph.D.,  1963,  University  of  Utah. 

JEROME  G.  SOWUL  (1968) 

Lecturer  in  Applied  Mathematics 

B.S.,  1948,  M.S.,  1949,  University  of  Detroit. 

SAMUEL  ALBERT  SPERRY  (1974) 

Lecturer  of  Civil  Engineering 

B.S.C.E.,  1965,  Northwestern  University;  J.D.,  1968,  Stanford  University  Law 
School. 

DONALD  L.  STRANDBURG  (1964) 

Lecturer  in  Physics 

B.S.,  1 952,  Morningside  College;  Ph.D.,  1961 ,  State  University  of  Iowa. 
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PETER  A.  SZEGO  (1970) 

Lecturer  in  Mechanical  Engineering 
B.S.,  1947,  Stanford  University. 

FRANK  E.  TALKE  (1969) 

Lecturer  in  Mechanical  Engineering 

Diplom-ing,  1965,  University  of  Stuttgart;  M.S.,  1966,  Ph.D.,  1968,  University  of 
California,  Berkeley. 

HAROLD  M.  TAPAY  (1950) 

Associate  Professor  of  Civil  Engineering 

B.A.S.C.,  1946,  University  of  British  Columbia;  M.S.,  1949,  University  of  Washing¬ 
ton;  Registered  Professional  Engineer. 

CLYDE  E.  TAYLOR  (1969) 

Lecturer  in  Mechanical  Engineering 
B.S.,  1952,  M.S.,  1953,  Stanford  University. 

GEORGE  J.  THALER  (1962) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 
B.E.,  1 940,  Ph.D.,  1 947,  The  Johns  Hopkins  University. 

K.  C.  TSAI 

B.S.,  1961,  Tunghai  University;  M.S.,  1966,  S.M.U.;  Ph.D.,  1969,  University  of 
Texas. 

DAVID  C.  VAN  VOORHIS  (1976) 

A. B.,  Physics,  1968,  Princeton;  M.S.C.S.,  1969,  Stanford  University. 

JOHNR.  VIEGAS  (1968) 

Lecturer  in  Mechanical  Engineering 

B. S.,  1958,  M.S.,  1959,  Ph.D.,  1967,  Stanford  University. 

MARCEL  VINOKUR  (1965) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1951,  Cornell  University;  Ph.D.,  1957,  Princeton  University. 

CHARLES  S.  WEAVER  (1975) 

Lecturer  in  Electrical  Engineering  and  Computer  Science 

B.S.  Math,  1951,  College  of  Idaho;  M.S.E.E.,  1958,  University  of  California,  Berke¬ 
ley;  Engineer’s  Degree,  1962,  Ph.D.,  1965,  Stanford  University. 

ALAN  J.  WEISSBERGER  (1976) 

B.S.,  Mathematics,  1967,  S.U.N.Y. -Stony  Brook;  M.S.,  1970,  Northeastern; 
S.C.E.E.,  1974,  M.l.T. 


82 


STEIN  WEISSENBERGER  (1965) 

Associate  Professor  of  Mechanical  Engineering 

S.B.,  1960,  S.M.,  1960,  Massachusetts  Institute  of  Technology;  Ph.D.,  1965,  Stan¬ 
ford  University,  Registered  Professional  Engineer. 

JEREMY  WIRE  (1971) 

Lecturer  in  Civil  Engineering 

B.S.,  1 958,  Pomona  College;  M.S.,  1 961 ,  University  of  California,  Los  Angeles. 

CHARLES  F.  WOJSLAW  (1976) 

B.S.,  1966,  U.C.  Berkeley;  M.S.,  1969,  University  of  Santa  Clara. 

RAYMOND  B.  YARBROUGH  (1963) 

Associate  Professor  of  Electrical  Engineering  and  Computer  Science 

B.S.,  1959,  University  of  California,  Berkeley;  Ph.D.,  1963,  United  States  Naval 

Postgraduate  School. 

STANELY  E.  ZAFFOS  (1976) 

B.E.,  1 968,  Stevens  Inst,  of  Technology;  M.S.C.S.,  1 976,  University  of  Santa  Clara. 

HANS  R.  ZULLIGER  (1970) 

Lecturer  in  Mechanical  Engineering 

B.S.,  1959,  M.S.,  1964,  Ph.D.,  1970,  Stanford  University. 
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